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ABSTRACTS 
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Mechanical  Amorphization  of  Ordered  Intermetallic  Phases 

R.W.  CAHN 

(University  of  Cambridge) 

The  discovery  that  certain  ordered  intermetallic  phases  can  be  amor- 
phized  by  Intense  mechanical  deformation  was  reported  in  1983, 
and  since  then,  the  technique  has  been  applied  to  a  great  variety  of 
alloys.  The  favourite  technique  is  ball-milling  of  powders,  followed  by 
intense  rolling  or  wire-drawing  of  finely  divided  strips  or  wires  of  ele¬ 
mentary  metals  in  contact;  i.e.,  the  starting  material  may  be  either 
a  readymade  intermetallic  phase  or  else  the  constituent  elements. 

Various  generalizations  have  been  proposed  concerning  the  factors 
that  determine  whether  a  particular  intermetallic  phase  can  be  me¬ 
chanically  amorphized.  A  particular  topic  of  current  discussion  is 
whether  the  essential  precondition  is  the  destruction  of  long-range 
order  or  whether,  alternatively,  the  impiortant  thing  is  to  expand  the 
lattice  (which  is  an  incidental  byproduct  of  disordering).  In  this  con¬ 
nection,  the  theoretical  parallels  between  (solid-state)  amorphization 
and  melting  ;,ave  received  special  attention.  These  issues  are  sur¬ 
veyed  in  the  paper. 
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NON-CRYSTALLINE  ALUMINIUM  RICH  ALLOYS  : 
FUNDAMENTALS  AND  APPLICATIONS 


Jean-Marie  Dubois 

Laboratoire  de  Science  et  Gdnie  des  Mat^riaux  M6talliques 
(CNRS  URA  159) 

Ecoie  des  Mines  -  Parc  de  Saurupt 

F-  54042  NANCY 


Non-crystalline  aluminium  alloys  reached  the  status  of  fascinating  materials  from  the 
fundamental  point  of  view  during  the  past  decade.  The  field  was  opened  in  1982  when 
the  author,  in  collaboration  with  G.  Le  Caer,  produced  amorphous  ribbons  of  aluminium 
rich  alloys  in  sizeable  amounts  (1).  Other  alloys  of  interest  were  discovered  latter  on  in 
Al-traiisition  metal-rare  earth  systems  (2,3).  The  glass  forming  conditions  for  those 
alloys  will  be  reviewed  and  some  properties,  of  potential  technological  significance,  will 
be  evocated. 


A  dramatic  change  occured  in  crystallography  after  the  first  report  by  Sheehtman 
et  al.  (4)  on  five-fold  symmetry  in  Al-transition  metal  alloys.  Many  structural 
characteristics  as  well  as  physical  properties,  both  fundamental  and  applied,  relate  those 
so-called  quasicrystalline  compounds  to  the  glassy  state.  This  data  will  be  discussed. 
Finally  a  brief  attempt  will  be  made  to  frame  a  few  application  domains  of  these  alloys 
that  may  bring  non-crystalline  aluminium  alloys  to  an  even  more  interesting  stand  point 
during  the  present  decade. 


1-  JM.  DUBOIS,  G.  LE  CAER,  Compt.  Rend.  As.  Sc.,  Paris  201-  73,  (1985) 

2-  A.  INOUE,  K.  OHTERA,  A.P.TSAI,  T.  MASUMOTO,  Jap.  J.  Appl.  Phys 
22,  L280,  (1988) 

3-  Y.  HE,  S.J.  POON,  G.S.  SHIFLET,  Science  241,  lt>40,  (1988) 

4-  D.  SHECHTMAN,  I.  BLECH,  D.  GRATIAS,  J.W.  CAHN,  Phys.  Rev.  Lett.  22 
1951,(1984) 
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INFLUENCE  OF  THE  CRYSTALLIZATION  ON  THE  MECHANICAL 
PROPERTIES  OF  POLY (ETHYLENE  TEREPHTHALATE ) 


F.J.  Balt  A  Calle-ia 

Instituto  de  Estructura  de  la  Materia  ,  C.S.i.c. 
Serrano  119,  28016  Madrid,  Spain 


The  use  of  microhardness  (H)  is  well  established  as  a 
technique  which  can  detect  changes  in  the  microstructure 
of  polymers.  Microhardness  is,  furthermore,  directly 
correlated  with  the  yield  stress  (Tabor's  relation)  and 
to  the  elastic  modulus  of  the  material.  The  aim  of  the 
present  study  is  to  examine  the  hardness-microstructure 
correlation  in  case  of  low  crystallinity  systems  having 
a  T  -value  well  above  room  temperature.  For  this  purpose 
poly (ethylene  terephthalate)  (PET)  samples  prepared  in 
the  glassy  state  were  investigated.  The  kinetics  of 
crystallization  from  the  glassy  state  was  studied  in 
real  time  by  measuring  the  microhardness  for  different 
crystallization  temperatures.  Results  are  discussed  in 
terms  of  the  Avrami  equation.  Values  of  the  Avrami  ex¬ 
ponent,  n,  of  about  3  are  observed  for  all  samples 
without  nucleating  agent  (homogeneous  nucleation)  and 
with  nucleating  agent.  For  the  latter  samples  two  crys¬ 
tallization  ranges  are  observed:  A  first  range  which 
corresponds  to  a  fast  crystallization  from  nucleating 
agent  particles  and  a  second  range  which  is  associated 
to  a  slow  self-crystallization  mode.  New  precrystalliza¬ 
tion  phenomena  evidenced  by  the  presence  of  a  small  max¬ 
imum  in  H  as  a  function  of  annealing  temperature  are  ob¬ 
served  at  temperatures  higher  than  T_  for  the  physically 
aged  samples.  The  kinetics  of  this  precrystallization 
transition  has  also  been  examined.  It  is  further  shown 
that  the  presence  of  nucleating  agent  induces  a  harden¬ 
ing  at  room  temperature  which  is  similar  to  the  effect 
produced  by  the  physical  aging  of  the  samples  below  T_. 
Finally,  it  is  found  that  aging  reduces  the  rate  of 
creep  of  the  material  under  the  indenter. 


1-4 


MICROSTRUCTURE  AND  MAGNETISM 
IN  NANOCRYSTALLINE  FERROMAGNETS 

Giselher  Herzer 

Vacuumschraelze  GmbH,  D-6450  Hanau,  Germany 

Nanocrystalline  materials  offer  a  new  opportunity  of 
tailoring  good  soft  magnetic  properties.  The  most 
prominent  example  is  devitrified  glassy  FeCuNbSiB  which 
reveals  a  homogeneous  ultrafine  grain  structure  of  bcc- 
FeSi  with  grain  sizes  of  typically  10-20nm  and  random 
texture . 

The  key  for  understanding  the  soft  magnetic  properties 
of  nanocrystalline  materials  is  to  recognize  that  the 
average  grain  size  is  smaller  than  the  ferromagnetic 
exchange  length  (about  40nm  for  bcc-FeSi)  .  Thus  the  local 
magneto -crystalline  anisotropy  is  randomly  averaged  out 
so  that  there  is  only  a  small  anisotropy  net- effect  on 
the  magnetization  process. 

An  additional  highlight  of  nanocrystalline  Fe-base  alloys 
is  their  low  or  vanishing  saturation  magnetostriction, 
K„  which  can  be  understood  from  the  structural  phases 
present . 

Both  the  supressed  magneto-crystalline  anisotropy  and  the 
low  magnetostriction  provide  the  basis  for  the  superior 
soft  magnetic  properties  comparable  to  those  of  permalloys 
or  near  zero -magnetostrictive  Co-base  amorphous  alloys. 
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NANOCRYSTALLINE  ALLOYS  OBTAINED  BY  CRYSTALLIZATION  OF 
METALLIC  GLASSES 

H.  Matyja  and  T.  Kulik 

Institute  of  Materials  Science  and  Engineering 
Warsaw  University  of  Technology 
Narbutta  85,  02-524  Warsaw 
Poland 

Nanocrystalline  materials  can  be  created  by 
crystallization  of  metallic  glasses  using  special  heat 
treatment  eg.  flash  annealing! 1 , 2]  or  by  conventional 
annealing  of  glasses  with  appropriate  composition[3] . 
This  ultrafine  structure  can  result  in  novel  and/or 
enhanced  properties. 

The  aim  of  this  paper  is  to  study  the  role  of 
composition  and  heat  treatment  of  amorphous  alloys  on 
their  structure. 

Amorphous  Fe-  and  Co-based  ribbons  were  prepared 
in  air  by  the  single-roller  chill  block  melt  spinning 
method.  Flash  annealing  was  performed  in  liquid 
nitrogen.  An  electric  current  of  20A  (resulting  in  a 
current  density  of  280  MAm  )  and  pulse  length  in  the 
range  30  to  40  ms  was  applied.  Crystallization  products 
were  studied  using  x-ray  diff ractometery  and 
transmission  electron  microscopy  (TEM). 

It  was  found,  that  nanocrystalline  structure  can 
be  created  by  conventional  furnace  annealing  only  in 
alloys  with  special  composition,  eg.  in  Fe-Si-B  alloys 
containing  at  least  two  alloying  elements:  Cu  and  Nb  or 
Cu  and  Ta.  Flash  annealing  results  in  substantial  grain 
refinement  of  crystallization  products  and  makes 
possible  creation  of  ultrafine  structure  with  grain 
diameter  less  than  30  nm  in  all  the  glasses  studied  in 
this  work. 


References 


1. 
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Structural  relaxation  in  metallic  glasses 
A.  van  den  Beukel 

Delft  University  of  Technology,  Laboratory  of  Metallurgy 
Rotterdamseweg  137,  2628  AL  Delft.  The  Netherlands 


Abstract 

Prior  to  crystallisation,  in  metallic  glasses  a  change  in  many  physical 
properties  has  been  observed,  which  must  be  due  to  atomic  rearrangements 
within  the  amorphous  state.  This  phenomenon  is  called  "structural 
relaxation".  In  this  paper  the  experimental  data  is  analysed  in  terms  of  a 
model  of  the  underlying  physical  processes. 

Two  types  of  processes  can  be  distinguished:  1.  Those  which  are 
reversible  with  temperature  and  ascribed  to  chemical  short  range  ordering 
(CRSO).  2.  Irreversible  processes  which  are  due  to  the  annealing  out  of 
excess  free  volume  (TRSO).  CSRO  comes  first  and  consists  of  a  series  of 
processes  with  a  wide  spectrum  of  activation  energies.  It  is  followed  by 
TRSO.  a  process  with  well  defined  kinetics  and  a  single  value  of  the 
activation  energy.  There  are  also  strong  indications  that  in  the  "CRSO  range" 
of  as-quenched  specimens  irreversible  processes  (as  yet  unidentified)  play  a 
part. 

In  the  description  of  TSRO  it  is  important  to  distinguish  between  two 
types  of  physical  properties:  1.  Properties  which  are  related  to  the  average 
free  volume,  like  density,  electrical  resistivity  and  elastic  constants. 

2.  Properties  which  are  connected  with  atomic  mobility  and  therefore 
"defect  controlled",  like  viscosity  and  diffusivity.  The  description  of  the 
behaviour  of  these  properties  makes  it  necessary  to  introduce  two  types  of 
defects:  Flow  defects  (concentration  Cf)  for  the  description  of  viscosity  and 
diffusion  defects  (concentration  Cd)  for  the  description  of  diffusivity.  A 
consistent  description  of  the  experimental  data  is  obtained  when  it  is 
assumed  that  Cd  -  The  physical  basis  of  this  relation  is  as  yet  not 
understood. 

Finally  it  is  shown  that  the  glass  transition  in  metallic  glasses  can  be 
quantitatively  understood  when  it  is  described  as  a  free  volume  related 
kinetic  phenomenon. 
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Cooperativity  of  Molecular  Motion  in  Liquids  near  the  Glass  Transition 

}.  jAckle 

Fakultat  fur  Physik,  Universitat  Konstanz,  Germany. 


The  dynamics  of  molecular  motion  in  undercooled  liquids  near  the  glass  transition 
has  been  commonly  interpreted  in  terms  of  a  "cooperative  rearrangement"  of  mole¬ 
cules  (Adam  and  Gibbs  1965)  or,  more  recently,  of  a  "hierarchically  constrained" 
sequence  of  processes  (Palmer,  Stein,  Abrahams  and  Anderson  1984).  In  this  lec¬ 
ture  a  family  of  lattice-gas  and  kinetic  Ising  models  with  kinetic  constraints  are  pre¬ 
sented,  which  model  the  complicated  geometrical  and  energetic  conditions  of  mole¬ 
cular  relaxation  in  glass-forming  liquids  in  a  relatively  simple  way.  The  study  of  ihe 
models  is  of  interest 


1 )  from  an  experimental  point  of  view,  since  they  define  a  "characteristic  length  of 
cooperativity"  and  indicate  the  possible  existence  of  size  effects  in  the  relaxational 
or  transport  properties  of  glass-forming  liquids  in  confined  geometries, 

2)  from  a  theoretical  point  of  view,  since  they  help  to  clarify 

-  the  theoretical  basis  of  empirical  formulae  such  as  the  Kohlrausch-Williams- 
Watts  formula 

-  the  conditions  for  the  occurrence  of  different  types  of  blocking  transitions 
("dynamical  phase  transitions") 

-  the  validity  of  various  theoretical  approximation  methods. 
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MAGNETOELASTIC  INTERACTIONS  IN  AMORPHOUS 
FERROMAGNETS-THEORY  AND  APPLICATIONS 

H.T.  SAVAGE 

Institute)  Magnetismo  Aplicado.  Universidad  Complutense  and  RENFE, 
Apartado  155,  Las  Rozas,  28230-MADRID  (Spain) 


Amorphous  ferromagnetic  alloys  offer  an  option  in  material  engineering  not 
available  in  crystalline  materials.  The  main  reason  for  the  usefulness  of  these 
materials  is  that  the  linear  magnetostriction  and  magnetic  anisotropoy  can  be 
controlled  by  composition  and  heat  treatment.  Values  of  magnetic  anisotropy  can 
be  as  low  as  30J/m3  in  Fe-B-Si  alloys.  These  alloys  have  a  magnetostriction  about 
the  same  as  Ni  (30-40x10^)  but  with  a  magnetic  anisotropy  orders  of  magnitude 
lower  than  Ni.  This  is  extremely  important  for  stress  sensing.  In  some  applications 
such  as  magnetometers  zero  magnetostriction  magnetic  material  is  desired.  This  can 
be  achieved  by  alloying  with  Co.  Values  of  magnetostriction  can  be  as  low  as  10"®. 
The  result  of  this  is  either  significent  commercial  efforts  or  actual  marketing  of 
devices  such  as  torque  sensors,  strain  gages,  accelerometers,  price  tags,  security 
devices,  transformers,  coding  devices,  counters  and  magnetometers. 

The  material  has  been  available  in  ribbon  form  for  many  years.  The 
magnetization  process  is  well  understood  in  this  geometry.  We  will  present  a  theory 
of  the  AE  effect  (the  change  in  Young’s  modulus  with  magnetic  field)  which  is  the 
basis  for  the  description  of  the  stress  sensitivity.  This  theory,  which  fully  describes 
the  nonlinear  stress-strain  relationship  in  the  material,  shows  the  reasons  for  the 
high  figures  of  merit  in  stress  sensing,  shows  the  conditions  for  paramagnetic 
amplification,  and  shows  the  basis  for  a  fundamental  nonlinear  dynamics 
experiment.  This  intrinsically  nonlinear  buckling  ribbon  experiment  has  shown  for 
the  first  time,  among  other  things,  the  control  of  chaos.  In  this  experiment  the 
system  is  first  put  into  chaotic  motion  and  then  is  taken  out  of  its  chaotic  motion 
by  stabilizing  one  of  the  unstable  periodic  orbits  that  exist  in  a  chaotic  system. 

We  will  also  present  new  work  in  magnetoelastic  amorphous  wires.  This 
circular  geometry  is  more  robust  than  the  ribbon  geometry  and  has  advantages  in 
some  applications.  Here  the  magnetization  process  is  not  well  understood  when  the 
wires  are  well  annealed  with  a  transverse  magnetic  field.  Large  Barkhausen  jumps 
can  characterize  the  magnetization  process  in  annealed  and  unannealed  positive 
magnetostriction  wire.  A  survey  of  what  is  known  of  the  magnetization  process  will 
be  presented.  Torque  sensor  work  will  be  delineated.  The  start  of  a  general  theory 
for  magnetoelastic  effects  in  °cylindrical  geometries  will  be  shown. 
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UNCONVENTIONAL  METHODS  FOR  OBTAINING  GLASSES 

AND 

AMORPHOUS  MATERIALS 

J.  ZARZYCKI 

Laboratory  of  Science  of  Vitreous  Materials.  University  of  Montpellier  2,  (France) 


To  obtain  glasses  or  amorphous  solids  it  is  necessary  to  retain  at  ambient 
temperatures  the  disordered  state  of  a  liquid  or  gas  or,  alternatively,  to  destroy  the 
crystalline  arrangement.  It  is  also  possible  to  produce  the  disordered  structure  by 
means  of  suitable  chemical  reactions  in  liquid  phase  which  may  or  may  not  be 
assisted  by  external  fields  derived  from  chemical,  mechanical  or  electrical 
potentials. 

The  traditional  way  of  obtaining  glass  is  by  quenching  a  supercooled  melt 
which  process  is  strong'y  dependent  on  the  speed  of  cooling.  Various  technical 
devices  were  imagined  using  hyperquench  which  permitted  a  substantial  extension 
of  vitrification  domains  and  led  to  new  types  of  glasses. 

Vapour  quenching  in  its  numerous  variants  (thermal  evaporation,  sputtering, 
glow  discharge  decomposition  and  CVD)  can  be  used  to  produce  amorphous 
materials  mainly  in  thin  layer  form. 

Crystalline  solid  disordering  may  be  achieved  by  irradiation,  mechanical 
shock,  attrition  or  interdiffusion  processes. 

Finally,  reactions  in  solution,  e.g.  the  "sol-gel"  process,  use  soft  chemistry  to 
build  up  disordered  lattices  which  may  be  converted  into  compact  glass  structures. 

Respective  advantages  and  limitation  of  these  various  methods  are  examined 
and  their  eventual  influence  on  the  resulting  final  products  discussed. 
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Studies  of  Structure  and  Glass  Transition  in  Liquid  Crystalline 
Polymers  by  Means  of  Synchrotron  Radiation  and  Complementary 
Methods 


H.G.  Zachmann 

Institut  fur  Technische  und  Makromolekulare  Chemie,  University  of 
Hamburg,  Bundesstr.  45,  W-2000  Hamburg  13 

Binary  and  ternary  copolyesters  of  poly (ethylene  terephthalate ) , 
poly (ethylene  naphthalene-2 , 6-dicarboxylate ) ,  and  p-hydroxybenzoic 
acid  have  been  synthesized  having  a  wide  range  of  different  com¬ 
positions.  The  influence  of  the  composition  on  the  crystallization 
behaviour  and  on  the  ability  to  form  liquid  crystalline  states  was 
investigated.  The  molecular  order  in  these  states,  the  glass 
transition  temperature,  the  phase  transition  temperatures,  and  the 
rate  of  crystallization  were  determined  by  means  of  DSC,  dynamic 
mechanical  analysis,  microscopy,  and  X-ray  scattering  employing 
synchrotron  radiation. 

It  was  shown  that  liquid  crystalline  states  are  formed  if  the  PHB 
content  exceeds  35%.  However,  the  material  is  only  partially  li¬ 
quid  crystalline  as  long  as  the  PHB  content  is  less  than  about 
50%.  In  some  materials  both  the  complete  isotropic  and  the  com¬ 
plete  liquid  crystalline  state  can  be  frozen  in,  depending  on  the 
thermal  pretreatment.  The  glass  transition  temperature  of  the  li¬ 
quid  crystalline  phase  is  about  20°C  lower  than  that  of  the  iso¬ 
tropic  state.  The  PET  and  PEN  crystallizes  if  the  amount  of  these 
units  is  higher  than  50%.  PHB  cannot  form  the  usual  crystal 
structure  even  if  present  up  to  90%.  The  kinetics  of  phase 
transitions  show  in  interesting  dependence  on  the  composition  and 
structure  of  the  different  copolymers. 
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ON  THE  NATURE  OF  THE  PARTIALLY  CRYSTALLINE  STATE  OF 
POLYMERIC  SOLIDS 

G.R.  STROBL 
Fakultat  fur  Physik 
Universitat  Freiburg 
Freiburg,  Germany 

The  structure  of  partially  crystalline  polymeric  solids  is  controlled  by  kinetic 
factors  rather  than  by  equilibrium  thermodynamics.  Cooling  from  the  melt 
usually  results  in  the  formation  of  a  lamellar  structure  built  of  stacked 
crystalline  and  amorphous  layers.  The  thickness  of  the  crystallites  and  the 
crystallization  rate  show  characteristic  temperature  dependencies,  which  can 
be  related  to  the  melting  point  depression  of  micros  ,)ic  crystals  and  a 
specific  sequence  length  dependence  of  the  attachment  rates.  In  most  cases 
crystallization  starts  at  nuclei  and  proceeds  by  the  growth  of  spherulites.  In 
the  special  case  of  crystallization  in  cold-drawn  fibers  an  alternative 
continuous  crystallization  mode  is  observed,  which  is  reminescent  of  the 
process  of  spinodal  decomposition.  After  completion  of  the  kinetical 
transformation  at  the  chosen  temperature  crystallization  continuous  further 
upon  cooling.  Two  processes  contribute  to  this  further  enhancement  of  the 
crystallinity,  a  continuous  shift  of  the  crysta'line— amorphous  interface 
reducing  the  thickness  of  the  amorphous  layers,  and  the  formation  of 
additional  thin  crystallites,  which  become  inserted  between  the  already 
existing  ones.  Both  processes  are  largely  reversible  with  temperature. 
Evidence  for  the  different  processes  and  a  characterization  of  the  partially 
crystalline  state  is  provided  by  temperature  dependent  experiments,  using 

-  small  angle  X-ray  scattering  (determination  of  layer  structure 
parameters) 

-  Raman  spectroscopy  (chain  conformations  in  crystallites,  the 
melt-like  phase  and  transition  regions) 

-  quasielastic  neutron  scattering  (study  of  the  confined  segmental 
motion  in  the  amorphous  layers) 
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"Ionic  conduction  in  glass" 

Malcolm  0.  Ingram 

Department  of  Chemistry,  University  of  Aberdeen,  Scotland,  U.K. 

Ion  transport  in  glasses  and  amorphous  materials  finds  many 
applications,  most  notably  in  sensors,  in  advanced  battery 
systems,  in  electrochromic  devices,  and  in  changing  the  optical 
and  mechanical  properties  of  glass  surfaces  through 
cation-exchange  processes.  Nevertheless,  an  agreed  theoretical 
treatment  has  been  missing,  and  topics  such  as  the  "mixed  alkali 
effect"  continue  to  arouse  lively  controversy. 

To  some  extent  these  problems  reflect  our  ignorance  of  glass 
structure  and  how  it  influences  the  dynamics  of  ion  migration. 
This  paper  will  describe  a  simple  conceptual  framework  which  seems 
able  to  treat  the  wholeorange  of  ion  transport  processes  in  terms 
of  both  short-range  (<5A)  and  medium-range  structure  (10-15A),  and 
the  corresponding  "memory  effects"  which  it  is  suggested  are 
characteristic  of  the  vitreous  state. 
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NANOCRYSTALLINE  MATERIALS 
BY  CRYSTALLIZATION  OF  ZR-BASED  METALLIC  GLASSES 

U.  Koster,  Dept.Chem.Eng.,  University  of  Dortmund,  D-4600  Dortmund,  F.R. 
Germany,  T.  Spassov,  Dept.Chem.,  Kliment-Ohridski-University,  BG-1126  Sofia, 
Bulgaria;  M.  Sutton,  Dept.Phys.,  McGill-University,  Montreal,  Canada  H3A  2T8. 

Crystallization  of  metallic  glasses  proceeds  by  nucleation  and  growth 
processes.  Thus  controlling  these  processes  enables  tailor-made  microstructures, 
e.g.  nanocrystalline  materials. 

In  metal-metalloid  glasses  below  the  glass  transition  these  processes  are 
controlled  by  diffusion  and  nucleation  is  heterogeneously,  above  the  glass  transition 
crystallization  is  controlled  by  viscous  flow  and  nucleation  occurs  by  a  transient  type 
homogeneous  reaction.  Microstructures  with  the  smallest  grain  size  can  be  formed 
by  polymorphous  crystallization  only  at  temperatures  above  the  glass  transition 
temperature,  but  still  far  below  the  'nose*  in  the  TTT-diagram.  The  smallest  grain 
size  in  (Fe,Ni)7gB25  -glasses  observed  was  about  0. 1  pm.  Further  decrease  in  the 
grain  size  in  metal-metalloid  glasses  can  be  achieved  by  primary  crystallization  with 
time-dependent  growth  rates. 

In  zirconium-based  intertransition  metal  glasses  with  67at.%Zr  crystal¬ 
lization  behaviour  probably  do  not  exhibit  any  change  at  the  glass  transition.  At 
temperatures  below  the  glass  transition  nucleation  of  the  tetragonal  equilibrium 
phase  has  been  observed  to  be  proceed  by  a  transient  type  homogeneous  reaction. 
Above  the  glass  transition  temperature,  however,  instead  of  this  reaction  the  very 
fast  crystallization  of  a  metastable  fcc-phase  (e.g.,  CoZ^:  a- 12. 2 A)  was 
observed  thus  leading  to  a  nanocrystalline  microstructure.  In  CoggZrg j  this 
metastable  compound  transforms  during  further  annealing  into  another  metastable 
phase  with  hexagonal  structure  (a  -  8.76  A;  c  -  1 9.5  A).  The  equilibrium  phase  can 
be  achieved  only  after  annealing  times  comparable  with  those  extrapolated  from  the 
crystallization  process  below  the  glass  transition  temperature. 

In  binary  as  well  as  ternary  (Cu.Ni.Co.FeJggZrg^  glasses  kinetics  of  these 
crystallization  reactions  were  studied  in  detail  by  quantitative  metallography  as  well 
as  by  time-resolved  x-ray  diffraction  using  synchrotron  radiation,  thus  leading  to 
time-temperature-crystallization  diagrams.  The  stability  of  binary  TMZ^-glasses 
has  been  found  to  increase  in  the  sequence:  Ni  Co  -*Fe  and  is  closely  related  to 
the  filling  of  the  d-band. 

It  is  not  clear  whether  the  nanocrystalline  metastable  fcc-phase  is  a 
precursor  to  the  formation  of  the  equilibrium  phase  at  all  temperatures  and  even 
below  the  glass  transition  temperature.  The  observed  results  will  be  discussed  with 
regard  to  the  glass  transition  in  the  different  metallic  glasses. 
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MICROSTRUCTURAL  STUDIES  OF  NANOCRYSTALLINE  AND 
AMORPHOUS  PHASE  FORMATION  BY  MILLING  TECHNIQUES 

M.A.MORRIS 

Institute  of  Structural  Metallurgy, 

University  of  Neuchatel,  Switzerland 

The  formation  of  amorphous  phases  can  occur  during  ball-milling  of 
elemental  powders  because  the  highly  energetic  disordered  states  of  the 
systems  created  by  milling  hinder  the  existence  of  the  corresponding 
ordered  crystallographic  structures.  Other  metastable  disordered  phases 
can  form  instead  or  as  precursors  to  the  amorphous  ones.  Dealing  with 
such  structures  appears  unavoidable  when  the  formation  of 
nanocrystalline  intermetallic  compounds  is  desired. 

The  aim  of  the  present  study  has  been  to  characterise  the  different 
phases  obtained  prior  to  or  instead  of  intermetallic  compounds  during 
the  milling  process.  The  evolution  of  the  milled  microstructures  has 
been  followed  by  transmission  and  scanning  electron  microscopy 
together  with  x-ray  diffraction  of  the  powders  for  different  alloy 
systems.  Although  the  formation  of  the  amorphous  phases  appears  to 
occur  when  using  x-ray  diffraction  techniques,  detailed  TEM 
examinations  of  the  powders  has  revealed  the  presence  of  nanocrystals 
embedded  in  an  amorphous  matrix  in  most  cases.  The  appearance  and 
disappearance  of  metastable  phases  has  been  shown  to  occur  in  some 
cases  and  total  amorphisation  has  been  shown  to  be  a  rare  exception. 
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Crystallization  kinetics  in  nanocrystalline  materials 

S.Surifiach,  A.  Otero,  M.D.  Barb,  N.  Clavaguera*  and  M.T. 
Cl  a vaguera-Mora 


Fi'sica  de  Materials,  Dept.  Fisica,  UAB,  08193  Bellaterra,  Spain 
*  Dept.  d’Estructura  i  Constituents  de  la  Materia,  Fac.  Fisica,  UB, 
Diagonal  647,  08028-Barcelona,  Spain. 


During  the  last  decades  metallic  glasses  have  been  intensely 
studied  for  their  physical  as  well  as  technically  aplicable 
properties,  but  it  is  known  that  their  excellent  magnetic 
properties  are  irreparably  lost  upon  crystallization.  The  discovery 
of  a  pew  ferromagnetic  iron-based  class  of  metallic  glasses  brings 
about  amorphous  materials  which  exhibit  outstanding  magnetic 
properties  after  partial  crystallization  [lj.  An  example  of  such 
new  materials  is  Fe73.5CulNb3Sil3.5B9.  The  samples  were  cast 
initially  as  amorphous  ribbons,  and  by  subsequent  annealing  above 
the  crystallization  temperature  a  homogeneous  ultrafine  grain 
structure  of  a-Fe(Si)  with  a  typical  grain  diameter  of  10-20  nm  and 
random  texture  was  created  within  the  amorphous  matrix. 

The  aim  of  our  work  is  to  report  detailed  information  on  the 
crystallization  behaviour  of  this  primary  crystallizing  metallic 
glass.  The  crystallization  study  was  performed  by  differential 
scanning  calorimetry  (DSC),  X-ray  diffraction  and  transmission 
electron  microscopy  (TEM).  The  calorimetric  results  show  that  there 
are  several  stages  of  crystallization.  Transmission  electron 
microscopy  of  the  specimens  after  controlled  heat  treatment  shows 
that  the  primary  crystallization  of  o-(Fe,Si)  in  the  amorphous 
matrix  occurs  in  the  first  stage  of  crystallization.  X-ray 
difraction  experiments  confirm  these  results.  From  the 
crystallization  kinetics  results  the  low  part  of  the  T-T-T  and 
T-HR-T  curves  of  the  crystalliza,ion  processes  are  deduced  (3). 


1  Y.  Yoshizawa,  S.  Oguma  and  K.  Yamauchi,  J.  Appl.  Phys.  64  (1988) 
6044. 

2.  G.  Herzer,  Mater.  Sci.  Eng.,  A133  (1991)  1. 

3.  S.  Surifiach,  M.D.  Barb,  J.A.  Diego,  N.  Clavaguera  and  M.T. 
Clavaguera-Mora,  Acta  Met.  Mater.,  (1991)  in  press. 


Work  supported  by  C1CYT  MAT90-454. 


24 


01-4 


BI8TABLB  BEHAVIOUR  IN  STRESS-ANNEALED  NON- 
MASNETOSRICTXVE  AMORPHOUS  WIRE 


C.  G6mez-Polo,  T.  Reininger+,  M.  V&zquez  and  H. 
Kronmiiller+ 

Inst,  de  Ciencia  de  Materiales  (C.S.I.C.).  Serrano 
144,  28006  Madrid.  Spain. 

+Max-Planck  Institut  fur  Metallforschung.  Institut 
fiir  Physik.  Heisenbergstrasse  1,  7000  Stuttgart  80. 

Germany . 


Magnetic  properties  of  high-magnetostrictive 
amorphous  wires  have  been  extensively  studied  during  the 
last  few  years.  Mainly,  it  is  due  to  the  occurrence  of 
large  Barkhausen  jump  at  low  field  that  makes  them 
suitable  for  technological  applications  such  as  sensor 
elements.  This  property  is  attributable  to  the  anisotropy 
caused  by  the  interaction  between  magnetostriction  and 
internal  stresses  quenched-in  during  solidification.  So, 
in  as-cast  state,  non-magnetostrictive  amorphous  wires  do 
not  present  bistable  behaviour. 

However,  as  in  the  case  of  amorphous  ribbons,  it  is 
possible  to  induce  macroscopic  magnetic  anisotropies  by 
thermal  treatments  under  the  action  of  magnetic  field 
or /and  applied  stress.  In  the  present  work,  a  nearly  non- 
magnetostrictive  (la — .4  10-7)  Co-rich  amorphous  wire  has 
been  annealed  under  an  applied  tensile  stress  by  means  of 
flowing  a  current  through  the  wire.  Isochronal  treatments 
(6  min)  were  performed  for  a  series  of  different  applied 
stresses.  In  this  way,  we  have  found  that  it  is  possible 
to  get  bistable  behaviour  in  non-magnetostrictive 
amorphous  wire.  Induced  anisotropies  and  changes  of 
magnetostriction  are  studied  as  a  function  of  applied 
stress  during  annealing.  Moreover,  temperature  dependence 
of  DC  hysteresis  loops  from  10K  to  300K  is  also  reported. 
The  appearance  of  bistability  and  the  temperature 
dependence  of  the  corresponding  switching  field  (field  at 
which  a  large  Barkhausen  jump  takes  place)  are 
interpreted  as  a  consequence  of  the  variations  in 
anisotropy  taking  place  with  annealing  and  temperature 
respectively. 
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GLASS  TRANSITION  AND  PHYSICAL  AGING  IN  AMORPHOUS 
POLYETHYLENE!  EREPHTHALATE). 

G.  Vigier,  J.  Tatibouet  and  J.  Perez. 

INSA  Bat.  502  (U.A.  341)  GEMPPM  F69621  Villeurbanne  Cedex. 


Glassy  polymers  are  known  to  undergo  changes  with  time  in  their  physical 
and  mechanical  properties  when  annealed  at  a  temperature  close  to  but  below 
their  glass  transition  temperature.  The  best  documented  effect  under  these 
conditions  is  the  volume  recovery  exhibiting  both  non  linear  effect  and  thermal 
history  effects  but  this  phenomenon  can  be  studied  by  probing  not  only 
thermodynamic  properties  but  also  all  properties  depending  on  molecular 
mobility. 

In  this  study,  comparisons  are  made  between  experimental  results  obtained 
by  DSC  and  Dynamic  Mechanical  Spectroscopy  experiments  and  simulations. 
The  latter  are  obtained  from  a  physical  model  assuming  diffusion  and  annihilation 
of  "quasi  point  defects".  This  model  takes  also  into  account  a  distribution  of  the 
defect  mobility,  and  men  is  able  to  describe  the  structural  relaxation  and  to 
reproduce,  with  the  same  set  of  parameters,  both  DSC  and  DMS  experiments. 

Evolutions  of  the  distribution  of  defect  mobility  during  physical  aging 
treatments  and  DSC  or  DMS  experiments  leads  to  physical  understanding  of  the 
different  aspects  of  the  observed  phenomena  :  more  especially  shape,  amplitude 
and  displacement  in  temperature  of  the  endothermal  peak  observed  in  DSC 
experiments  after  various  aging  treatments,  existence  of  a  sub-Tg  peak  after 
physical  agings  carried  out  at  low  temperature. 
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THE  STRUCTURE  AND  OPTICAL  PROPERTIES 
OF  PHOSPHATE  GLASSES  WITH  IRON  IONS 


J.  Wasylak 

University  of  Mining  and  Metallurgy,  Al.  Mickiewicza  30,  30-059  Krakow,  Poland. 


Phosphate  glasses  were  melted  under  appropriate  conditions  with  iron  ions 
/about  1  wt  %/  in  order  to  obtain  glasses  with  Fe2*  and  Fe3*  ions. 

The  structure  of  the  obtained  glasses  was  determined  using  Raman  spectra. 
Some  physico-chemical  properties,  especially  light  transmittance  were  also 
established. 

The  analysis  of  Raman  spectra  of  the  examined  glasses  has  revealed  the 
presence  of  metaphosphate  and  ortophosphate  groups  in  the  glass.  Phosphate 
glasses  whit  Fe2*  ions  exhibit  maximum  light  transmittance  in  the  range  400-700 
nm,  and  an  almost  complete  absorption  in  the  range  900-1100  nm,  contrasy  to  glass 
containing  Fe3*.  Retaining  the  Fe2*  ions  in  the  glass  is  in  practice  possible  only  in 
the  phosphate  glass.  This  property  of  the  glass  qualifies  it  to  be  used  for  optical 
filters  for  neodymium  lasers. 
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EXAFS  AND  XANES  STUDY  OF  SILICA-TIT ANIA  GELS  AND  GLASSES 

J.  Matos,  L.  Esouivias  and  C.  Prieto*. 

Dpto.  Estructura  y  Propiedades  de  los  Materiales, 

Facultad  de  Ciencias,  Universidad  de  Cddiz.  Apdo.  40,  Puerto  Real,  11510 
CADIZ. 

*  Instituto  de  Ciencia  de  Materiales  de  Madrid,  (C.S.I.C.),  Facultad  de 
Ciencias 

(C-4),  Universidad  Autdnoma,  28049  MADRID.  SPAIN. 

The  first  and  second  neighbours  arrangement  around  Ti  atoms  were 
studied  in  gels  and  glasses  of  the  x  Ti02  -  (l-x)Si02  system  with  x  =  5  and  x  = 
10  from  X-ray  absorption  spectroscopy.  Because  of  the  Ti  low  concentration, 
fluorescence  detection  was  used.  EXAFS  and  XANES  spectra  were  performed 
at  room  temperature  at  the  K-edge  of  Ti,  with  radiation  emitted  by  the 
L.U.R.E.  (Orsay,  France)  DCI  storage  ring  at  the  EXAFS-ID  beam  station. 

From  the  comparison  of  XANES  spectra  with  those  of  SrTiOj  and  rutile 
Ti02,  an  octahedral  environment  of  Ti  can  be  inferred,  where  the  octahedra 
are  distorted  as  in  the  case  of  Ti02. 

EXAFS  spectra  give  information  about  the  coordination  spheres.  In 
the  cases  under  study,  first  and  second  peaks  of  the  Fourier  Transform  of 
EXAFS  signal  were  suitable  for  discussion.  The  first  one  gives  an  approximate 
distance  of  1.95  +  0.05  A  for  the  Ti-O  bond  length  which  abides  by  our  former 
discussion  from  x-ray  diffraction  analysis  [1].  Some  differences  are  observed  in 
the  second  peak,  which  are  related  to  the  Ti-O-Si  and  Ti-O-Ti  distances, 
regarding  to  the  method  of  preparation  and  heat- treatments. 

(1J  J.M.  Ruiz-Rube,  M.  Ramirez-del-Solar,  N.  de  la  Rosa-Fox  and  L.Esquivias. 
"Basic  Features  of  the  Glassy  State"  Ed.  J.  Colmenero  and  A  Alegrfa 
(Singapore,  1990)  p.  68. 
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In  this  Monte-Carlo-simulation  we  model  the  polymer  chains  by  self  and  mu¬ 
tually  avoiding  walks  on  a  simple  cubic  lattice  where  each  monomer  occupies 
a  whole  unit  cell  and  not  only  a  single  lattice  site.  Therefore  a  variety  of  bond- 
vectors  (108  in  total)  are  available  for  each  bond  whose  lengths  are  chosen 
in  such  a  way  that  no  crossing  of  two  bonds  can  occur  during  the  course  of 
the  motion  of  the  monomers.  This  so  called  "bond-  fluctuation”  model  exhi¬ 
bits  the  expected  static  and  dynamic  features  for  dense  polymer  melts  (i.e., 
<  Rq  >oc  N,  Rouse  behaviour).  In  order  to  introduce  temperature  and  "fru¬ 
stration”  into  the  model  we  put  an  energy  of  e  on  each  bond-vector  unless 
it  does  belong  to  a  specified  class  of  bond- vectors.  This  class  comprises  the 
bond-vectors  of  length  3  and  direction  along  one  of  the  three  lattice  Jixis  so 
that  a  single  polymer  should  be  totally  stretched  out  in  its  ground  state.  In 
a  dense  polymer  melt  the  competition  between  all  chains  prevents  a  single 
chain  from  reaching  the  energetically  favoured  expanded  state.  The  effects  of 
this  "geometrical  frustration"  are  exemplified  by  the  dependence  of  various 
static  quantities,  such  as  the  energy  per  bond,  the  compressibility  of  the  melt 
or  the  radius  of  gyration  of  a  single  chain,  on  temperature.  It  is  shown  that 
this  dependence  is  sensitively  influenced  by  the  choice  of  the  quench  rate.  Five 
different  quench  rates,  covering  a  range  of  two  to  three  decades,  were  used  for 
analysis  of  the  static  data.  For  some  of  these  quench  rates  preliminary  results 
for  dynamic  quantities,  such  as  the  diffusion  coefficient  or  correlation  functi¬ 
ons,  are  presented.  AH  results  obtained  up  to  now  stress  the  fact  that  the  used 
version  of  the  bond-fluctuation  model  is  well  suited  for  the  theoretical  analysis 
of  the  glass  transition  and  thus  should  be  applicable  for  a  critical  test  of  the 
predictions  of  the  various  theories,  such  as  the  mode-coupling  theory. 
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Is  the  soft  potential  model  able  to  explain  the  glassy  anomalies? 
M.A.  Ramos,  L.  Gil,  and  U.  Buchenau 

Insiilut  fur  Fesikorperforschung,  Forsch.ung.izen.irum  Julich 
Posifach  1913,  5170-Julich,  Federal  Republic  of  Germany. 


The  soft  potential  model  (1)  is  an  extension  of  the  tunnelling  model.  It 
assumes  a  fixed  effective  mass  and  a  random  distribution  of  potentials  for 
the  tunnelling  or  vibrating  entities. 

Recently,  the  model  has  been  developed  to  describe  a  number  of  the  so- 
Ciuicd  I'-'w-temperature  anomalies  in  glasses  in  a  quantitative  way.  It  turns 
out  that  one  needs  a  relatively  high  effective  mass,  corresponding  to  about 
hundred  atoms  participating  in  a  single  tunnelling  or  vibrational  mode. 

We  discuss  the  question  to  which  extent  the  soft  potential  model  enables 
a  unified  description  of  all  the  low-temperature  glassy  anomalies. 


(1)  V.G.  Karpov,  M.I.  Klinger  and  F.l.  Ign.it ’cv,  Sov.  Phys.  JETP,  65, 

165  (1983). 
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THE  STUDY  OF  CRYSTALLIZATION  OF  GLASSES 

BY  THERMAL  ANALYSIS 


J.  Malek  and  V.  Smrcka 

Joint  Laboratory  of  Solid  State  Chemistry,  Academy  of  Sciences  and  Institute  of 
Chemical  Technology,  Pardubice  (Czechoslovakia) 


Although  the  general  theory  of  crystallization  kinetics  is  largely  confined  to 
the  description  of  the  isothermal  transformation  condition,  there  are  many 
instances  where  the  kinetic  behavior  of  a  system  which  is  heated  or  cooled  through 
the  transformation  region  is  of  greater  practical  importance.  From  this  point  of 
view  the  methods  of  thermal  analysis  (TA)  seems  to  be  very  useful  techniques  for 
obtaining  kinetic  information  about  the  crystallization  process.  Nevertheless,  there 
is  still  an  open  question:  How  to  determine  correctly  the  kinetic  parameters  and  how 
these  parameters  are  affected  by  the  instrumental  factors  and  experimental 
conditions ? 

A  simple  and  consistent  method  of  kinetic  analysis  of  TA  data  has  been 
developped.  The  method  allows  one  to  perform  the  correct  determination  of  the 
most  suitable  kinetic  model  and  subsequent  calculation  of  all  kinetic  parameters 
needed  for  a  quantitative  description  of  the  studied  process.  This  method  was  used 
to  study  the  kinetics  of  crystallization  of  chalcogenide  glass  measured  by  various 
TA  instruments.  The  influence ^  of ‘instrumental  factors  is  discussed  with  respect  to 
the  reliability  of  the  kinetic  parameters  calculated  from  experimental  TA  data. 
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RECENT  RESULTS  IN  NEUTRON  SCATTERING  FROM 
NON-CRYSTALLINE  SOLIDS  USING  A  PULSED  SOURCE 


W  S  Howells 

ISIS  Science  Division,  Rutherford  Appleton  Laboratory, 
Chilton,  Didcot,  0X11  OQX,  UK 


Since  the  last  conference,  much  experience  has  been  gained  and  many 
interesting  results  have  been  obtained  using  the  technique  of  pulsed 
neutron  scattering.  The  advantages  and  unique  proporties  of  a  pulsed 
source  will  be  illustrated  with  results  obtained  on  several  of  the 
instruments  installed  on  ISIS  at  the  Rutherford  Appleton  Laboratory, UK. 

Diffraction  experiments,  which  measure  the  structure  factor,  will  be 
illustrated  with  results  on  conducting  glasses,  mechanical  amorphization, 
quasi-crystals  and  amorphous  carbon-hydrogen.  Quasi-elastic  and 
inelastic  experiments,  which  provide  information  on  the  dynamics  of  the 
system,  have  been  carried  out  on, for  example,  superionic  glasses,  the 
liquid-glass  transition  and  amorphous  hydrogenated  carbon. 
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QUASIELASTIC  NEUTRON  SCATTERING  STUDY  OF  THE 
DYNAMICS  OF  THE  a-RELAXATION  IN  POLYMERS. 

J.  Colmenero,  A.  Arbe,  A.  Alegria  and  B.  Frick1. 

Departamento  de  Ftsica  de  Material  es,  Universidad  del  Pais  Vasco,  Facultad  de  Quimica,  Apdo.  1072, 
20080,  San  Sebastian,  SPAIN. 

'institute  Laue-Langevin,  156X  Av.  des  Martyrs,  F-38042  Grenoble,  FRANCE. 

We  have  studied  the  dynamics  of  the  a-relaxation  in  different  glass-forming  polymeric  systems, 
polyfvinyl  methyl  ether)  (PVME),  poly(vinyl  chloride)  (PVC),  and  poly(hydroxy  ether  of 
bisphcnol-A)  (Phenoxy,  PH)  by  means  of  Incoherent  Quasielastic  Neutron  Scattering.  We  have  used 
the  Backscattenng  Spectrometers  IN10  and  IN13  of  the  Institut  Laue-Langevin  (ILL)  at  Grenoble, 
France.  In  the  energy  windows  of  these  spectrometers,  the  dynamics  of  the  a-relaxation  in  the 
polymers  investigated  was  detected  as  a  quasielastic  broadening  at  temperatures  higher  than 
aproximately  Tg+50\  Tg  being  the  glass-transition  temperature  of  the  polymer  considered.  The 
quasiclastic  curves  obtained  cannot  be  well  described  by  a  single  Lorentzian  function.  In  order  to  fit 
these  curves  we  have  built  a  scattering  function  SH^Cq.m)  starting  from  the  Havriliak-Negami 
relaxation  function.  Then,  Sfg{(q,ca)  can  be  expressed  as: 


where  a  and  yare  two  shape  parameters  in  the  range  (0  <  a,  y  <  1)  and  is  a  characteristic 
timescale  depending  on  both,  temperature  and  the  modulus  of  the  change  of  the  wave  vector,  q.  From 
the  fitting  procedure  we  obtain  a  and  y  values  as  well  as  tgyjfq.T),  The  results  obtained  indicate  that 
THN<q.T)  can  be  factorized  as  TMq(q,T)=a(T).T(q).  The  q -dependence  of  r(q),  obtained  for  the 
polymers  investigated  can  be  described  by  a  power  law  t(q)~q‘n  with  an  'anomalous’  value  of  n>2 
in  the  q-range  covered  by  us  (0.2  <  q  <  5.4  A-1).  The  found  value  of  n  depends  on  the  polymer 
considered.  On  the  other  hand,  the  values  of  the  shape  parameters  a  and  y  found  are  close  to  the 
corresponding  values  obtained  by  relaxation  techniques  in  a  different  time  range  (10"6  -  10  s.). 
Moreover,  the  a(T)  behaviour  deduced  for  each  polymer  investigated  can  be  well  fitted  by  the 
functional  form  describing  the  temperature  behaviour  of  the  H-N  characteristic  times  measured  by 
relaxation  techniques  in  the  same  polymer. 

We  thank  Gipuzkoako  Foru  Aldundia  for  partial  finantial  support.  A.  Arbe  also  acknowledges 
the  gram  of  the  Basque  Department  of  Education. 
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Neutron  diffraction  stuoy  of  structural  changes  induced  by  heat 

TREATMENT  IN  G£-SE  GLASSES 

X.  Torrelles,  S.  Bordas,  N.  Clavaguera  and  M.T.  Clavaguera-Mora 

Fisica  de  Materials,  Departament  de  Fisica,  Universitat  Autonoma  de 
Barcelona,  08193-Bellaterra,  Spain. 

• 

Departament  d’Estructura  i  Constituents  de  la  Materia,  Facultat  de 
Fisica,  Universitat  de  Barcelona,  Diagonal  647,  08028-  Barcelona, 

Spain. 


Glasses  of  Ge^S^  x  with  x  =  0.15,  0.20  and  0.25  were  prepared  by 
melt  quenching.  The  structural  changes  induced  by  heat  treatment  were 
analyzed  with  the  instrument  DIB  at  the  Institute  von  Laue-Langevin 
in  Grenoble.  The  aim  of  this  work  was  to  study  the  possible  formation 
of  metastable  phases  from  the  amorphous  phase  before  the 
crystallization  of  the  stable  phases  as  has  been  previously  reported. 

The  diffraction  pattern  (2ds80°)  was  recorded  from  room  temperature 
up  to  about  700  K  on  heating  at  -  0.2  K/min  followed  by  isothermal 
treatments  and  further  cooling  down.  For  the  three  compositions 
studied,  at  a  certain  temperature  T  ,  (T^=  520  K  for  x=0.15)  an 
orthorombic  metastable  phase  appeared  in  the  diffractogram  whose 
Bragg  peaks  first  increased  and  then  decreased  on  heating  above  a 
metastable  liquidus  temperature,  T  ,  (T  ,=  600  K  for  x=0.15).  Some 
non-crystalline  phase  was  always  present  at  the  same  time  than  the 
metastable  crystalline  phase,  irrespective  of  the  heat  treatment 
applied  to  the  glassy  sample.  The  decrease  of  the  Bragg  peaks  was 
associated  with  an  increasing  of  the  non-crystalline  background  in 
the  diffractogram.  The  values  of  T  ,  incre >se  with  the  Ge  content 
and  remain  in  the  range  600-630  K.  that  is  at  temperatures  lower  than 
those  of  the  stable  liquidus  temperature.  On  cooling  the  molten  alloy 
with  x=0.25  from  -  700  K  at  about  0.4  K/min  the  metastable  phase 
coexists  with  the  stable  monoclinic  GeSe^,  the  amount  of  the  last  one 
increasing  with  decreasing  temperature.  The  crystallization  kinetics 
of  the  metastable  phase  has  been  deduced  from  the  structural  results. 


Work  supported  by  CICYT  MAT-907/91 
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ON  THE  OPTICAL  ABSORTION  IN  AMORPHOUS  As-S  FILMS 
DEPOSITED  BY  THERMAL  EVAPORATION 
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The  optical  transmission  spectra  at  normal  incidence  of  amorphous  As-S  thin 
films  prepared  by  thermal  evaporation  on  room-temperature  substrates  have 
been  measured  over  the  spectral  region  of  0.3  to  2.0  /im.  A  simple  procedure 
suggested  by  Swanepoel,  which  is  based  on  the  use  of  the  extremes  of  the 
interference  fringes,  has  been  applied  to  determine  the  index  of  refraction,  n, 
and  the  absorption  coefficient,  a,  as  well  as  the  film  thickness;  independent 
thickness  measurements  made  by  surface-profiling  stylus  have  also  been 
carried  out  to  cross-check  the  results  obtained  by  the  envelope  method. 
Moreover,  the  dispersion  of  n  is  discussed  in  terms  of  the  single-oscillator 
model  (n2-l  =  EdE0  /  (E02  -  h2o2 ),  where  hu  is  the  photon  energy,  E0  is  the 
single  oscillator  energy  and  Ed  is  the  dispersion  energy).  On  the  other  hand, 
the  absorption  edge  is  described  on  the  basis  of  the  non-direct  transition 
model  proposed  by  Tone,  whose  relation  for  a  has  the  form  a  hw  =  B  (h«  - 
Eg01*)2,  and  where  Eg01*  is  the  optical  band  gap  and  B  is  on  energy- 
independent  constant.  Finally,  the  relationship  between  the  optical  gap  and 
the  chemical  composition  is  discussed,  following  Yamagnchi’s  approach,  in 
terms  of  the  average  heat  of  atomization  and  the  average  coordination 
number. 
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The  glass  transition  is  a  phenomenon  which  may  easily  be  observed 
in  most  glasses  by  means  of  techniques  such  as  differential 
scanning  calorimetry  (DSC).  This  is  due  to  the  fact  that  on  heating 
(cooling)  the  heat  capacity,  Cp,  of  a  glass  increases  (decreases) 
suddenly  by  at  least  about  half  its  original  value  in  the  glass 
transition  region.  The  dependence  of  the  glass  transition 

temperature  on  the  heating  rate  employed  for  its  measurement  is  a 
well  known  fact  for  most  chalcogenide  glasses  [ll  and  has  been 
extensively  studied  from  a  theoretical  point  of  view  as  a 

relaxation  phenomena  (2,3).  Nevertheless  the  nature  of  the  glass 
transition  is  a  question  that  remains  open. 

Accurate  measurements  of  the  apparent  heat  capacity  below  and 
during  the  glass  transition  were  perf  ormed  by  DSC  on 
Gex(Tel5Se85)l-x  glasses  with  x=  0,  2  and  10.  Isothermal  and 
continuous  heating  annealings  were  performed  both  in  as-quenched 
and  in  slowly  cooled  glasses.  The  enthalpy  difference  between  each 
annealed  glass  and  the  undercooled  liquid  was  taken  as  a  property 
sensitive  to  the  relaxation  induced  in  the  glass.  An  accurate 
description  of  both  iso-  and  non-isothermal  measurements  was 
obtained  by  the  activation  energy  spectrum  model  (4). 


1.  M.T.  Clavaguera-Mora,  M.D.  Bar6,  S.  Surinach,  J.  Saurina  and  N. 
Clavaguera.  J.  Non-Cryst.  Solids  131-133  (1991)  479. 

2.  G.S.  Crest  and  M.H.  Cohen,  Phys.  Rev.  B21  (1980)  4113. 

3.  M.T.  Clavaguera-Mora,  Thermochim.  Acta,  148  (1989)  261. 

4.  M.R.J.  Gibbs.  J.E.  Evetts  and  J.A.  Leake,  J.  Mater.  Sci.  18 
(1983)  611. 
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The  calorimetric  study  of  the  crystallization  of  a  glass  allows  to 
obtain  the  kinetic  parameters  of  the  overall  reaction  [11.  The 
morphological  study  of  the  first  stages  of  the  crystallization 
process  is  very  suitable  to  study  the  kinetics  of  nucleation  and 
crystal  growth  separately.  The  twinning  of  both  studies  gives  a 
complete  description  of  the  crystallization  reaction. 

The  present  work  is  concerned  with  the  study  of  the  crystallization 
behaviour  of  Se85Tel5  air  quenched  glass.  The  study  was  made  by 
differential  scanning  calorimetry  (DSC),  X-ray  diffraction  and 
optical  and  scanning  electron  microscopy.  The  calorimetric  results 
show  that  there  is  only  one  stage  of  crystallization  which  is 
correctly  described  by  the  Johnson-Mehl-Avrami-Erofe’ev  equation, 
with  an  Arrhenius  form  of  the  rate  constant,  under  both  isothermal 
and  continuous  heating  conditions  (21.  The  isothermal 
crystallization  process  has  also  been  studied  by  optical  and 
scanning  electron  microscopy,  using  static  observations  at  room 
temperature  of  different  partially  crystallized  glassy  alloys  13). 
Crystallization  takes  place  by  nucleation  and  growth  of  individual 
crystals.  The  morphological  analysis  allowed  to  determine  the 
nucleation  and  crystal  growth  rates  and  the  activation  energy  for 
each  process.  The  results  obtained  from  the  morphological  study  are 
in  agreement  with  the  calorimetric  ones.  From  them  the  low 
temperature  parts  of  the  T-T-T  and  the  T-HR-7  curves  have  been 
deduced. 


1.  S.  Suriftach,  M.D.  Barb,  M.T.  Clavaguera-Mora  and  N.  Clavaguera, 
J.  Non-  Cryst.  Solids  58  (1983)  209. 

2.  Y.  Calventus,  M.D.  Barb,  S.  Surinach,  S.  Bordas,  M.T. 
Clavaguera-Mora  and  N.  Clavaguera,  Anal.  Fis.  B86  (1990)  134. 

3.  R.S.  Tiwari,  S.  Ranganathan  and  M.  Heimendahl,  Z.  Metallkde.  72 
(1981)  563. 
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In  the  last  few  years,  different  experiments  have  been  carried  out  in 
(FeCo)  containing  metallic  glasses.  They  provide  strong  evidence  of  the 
existence  of  Chemical  Short  Range  Order  in  such  alloys  as  well  as  the 
evolution  of  such  order  upon  thermal  treatments.  Very  recently,  it  has 
been  shown  there  is  a  change  on  (FexCo1.x)7sSi15B10  metallic  alloy's 
Short  Range  Order  (SRO)  as  function  of  x  /1 ,21.  On  the  other  hand,  the 
saturation  magnetostriction  of  the  cited  metallic  alloys  serie  changes 
sign  on  the  very  Co  rich  side  /3/.  Direct  insight  on  the  local  neighbouring 
of  the  Fe  atoms  can  be  obtained  by  means  of  57Fe  Mossbauer 
Spectroscopy. 

In  this  work  we  report  measurements  on  (Fe94Co6)75SixB25.x  , 
(Fe5oCo5o)75SixB25.x  and  (Fe2gCogg)75SixB25_x  metallic  glasses  in  the 
composition  range  0  s  x  S  20  to  understand  the  metalloid  influence  on 
the  observed  changes  on  SRO.  We  also  report  Mossbauer 
measurements  on  the  Co  rich  side  of  the  (FexCo1.x)7sSi15B10  metallic 
alloy's  series  for  positive  and  negative  magnetrostrictons. 

/I/  M.L.Fdez-Gubieda,  Thesis.  Universidad  del  Pais  Vasco  (1991). 

12/  M.L.Fdez-Gubieda  ,  J.M.Barandiaran  ,  F.PIazaola,  A.  Hernando  and 
S.  Mobilio  sent  to  J. Physics:  Condensed  Matter 

121  A.  Hernando,  V.  Madurga,  J.M.  Barandiar6n  and  O.V.  Nielsen,  Solid 
State  Comm.  54.(1985)  1059. 
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As  recently  reported,  some  Fe-rich  amorphous  alloys  with  small  additions 
of  Cu  and  Nb  atoms  exhibit  quite  outstanding  soft  magnetic  behavior  after 
thermal  treatments  above  crystallization  temperature.  This  has  been 
interpreted  considering  the  formation  of  a-Fe  ultrafine  grain  structure  with 
typical  diameter  of  10-20  nm  giving  rise  to  vanishing  macroscopic 
magnetocrystalline  anisotropy  according  to  random  anisotropy  model’. 

In  the  present  work,  thermal  treatments  were  performed  in  a  conventional 
furnace  for  a  series  of  different  temperature  and  time  of  annealing  on 
FeT15Cu,Nb1Si11ISB,  and  Feri,sCu,Nb,Si,„B1,  amorphous  alloys.  Alternatively, 
heating  of  the  samples  was  also  performed  by  making  an  electrical  current 
flow  along  the  ribbons  (current  annealing).  Low  frequency  hysteresis  loops 
and  their  typical  magnitudes  (coercive  field,  remanent  and  saturation 
magnetization,  etc)  have  been  measured  as  a  function  of  the  treatment 
parameters  (current  intensity,  temperature  and  time).  While  treatments  at 
around  540°C  give  rise  to  very  soft  magnetic  behavior  ( i.e.  coercive  fields 
less  than  10  mOe),  annealing  above  600°C  deteriorate  drastically  such 
behavior  ( i.e.  coercive  fields  larger  than  10  Oe).  Comparison  between  the 
effect  of  both  kinds  of  treatments  on  the  magnetic  properties  is  reported. 
The  different  magnetic  response  to  applied  stress  after  different  treatments, 
a  consequence  of  the  magnetostriccion  modifications,  is  also  shown. 

A  parallel  study  on  crystallization  and  structural  characterization  by 
differential  scanning  calorimetry  and  X-ray  diffraction  has  been  also  done. 
Correlation  between  magnetic  properties  and  microstaicture  is  discussed. 

1.-  G.Herzer  IEEE  Trans.  Magn.  26(1990)  1379 


39 


PI- 3 


MAGNETIC  PROPERTIES  OF  TERNARY  Co-B-C  MELT  SPUN 
ALLOYS  AMORPHIZED  OVER 
AN  EXTENDED  CONCENTRATION  RANGE 


M.Pont ,  ICV.Rao +  and  A.Inoue% 

(*)  Dept,  of  Physics,  Electromagnetism  Group,  Autonoma  University  of 
Barcelona,  08193  Bellatena  (Spain),  (+)  Dept,  of  Condensed  Matter 
Physics,  Royal  Inst,  of  Technology,  Stockholm  (Sweden)  and  (%)  Institute 
for  Materials  Research,  Tohoku  University  (Japan) 


ABSTRACT 

The  field  dependence  of  the  magnetization  at  4.2  K,  294  K  and  the 
temperature  dependence  of  the  spontaneous  magnetization  for  two  series 
of  ternary  Co-based  alloys,  namely  Co76_,BwC,  and  Cogg  Bj,Ci2  have  been 
measured.  The  metalloid  content  in  these  series  ranges  from  24  to  44 
at.%,  and  extends  almost  to  the  critical  concentration  for  the 
disappearance  of  ferromagnetism. 

The  composition  dependence  of  the  average  magnetic  moment  at 
4.2  K  compares  well,  for  low  metalloid  content,  with  data  for  other  Co¬ 
based  materials  and  also  with  the  theoretical  models  that  predict  a  linear 
dependence  of  the  magnetic  moment  as  a  function  of  concentration. 

The  thermal  demagnetizing  process  at  low  temperatures  is 
presented.  The  results  have  been  analyzed  in  terms  of  Bloch’s  Law 
although  other  contributions  cannot  be  ruled  out.  The  complete  thermal 
demagnetization,  i.e.  down  to  T0  is  presented  only  for  the  alloys  with  a 
Curie  temperature  below  300  K.  The  results  show  the  well  known 
flattening  of  the  M(T)  curve  as  compare  with  crystalline  materials. 
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ABSTRACT 

The  effects  of  wheel  speed  on  the  magnetic  properties  of  melt-spun 
Fe75Nd1JJDy3.7B7g  alloys  have  been  studied.  For  the  different  samples  we 
have  determined  the  Curie  temperature,  the  dependence  of  the  coercive 
field  on  the  applied  magnetic  field  and  the  low  field  ac-susceptibility. 
The  effect  of  heat  treatments  on  the  magnetic  properties  will  be  also 
discussed. 
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Recently  new  permanent  magnets  materials  have  been  prepared  based  on 
new  phases  of  the  Sm-Fe-TM  system'.  These  new  phases  are  usually 
produced  by  means  of  non-equilibrium  techniques  such  as  rapid  quenching 
or  mechanical  alloying.  As  it  is  well  known  the  hysteretic  behaviour  of 
permanent  magnets  materials  is  determined  both  by  their  magnetocrystalline 
anisotropy  and  by  their  microstructural  characteristics.  In  this  work,  and 
aiming  at  the  study  of  samples  with  the  widest  possible  range  of  microstruc¬ 
tures,  we  present  results  corresponding  to  samples  of  nominal  composition 
Sm,  Fe^  Ti,0  (x=  12,  16,  20,  24  and  26)  prepared  by  the  melt-spinning 
technique,  using  different  cooling  rates  in  order  to  obtain  different  propor¬ 
tions  of  amorphous  to  crystalline  phases.  The  phase  distribution  of  the  as- 
ouenched  samples  was  studied  by  means  of  X-ray  diffraction.  Amorphization 
is  enhanced  with  the  increase  in  Sm  content  although  there  is  always  a 
small  amount  of  crystallites  (1:12  phase)  even  for  the  highest  cooling  rate 
used  during  the  quenching  (measured  through  the  tangential  speed  of  the 
roller)  and  the  highest  Sm  content.  Magnetic  characterization  of  the  as-cast 
samples  were  performed  by  means  of  an  extraction  magnetometer  by 
measuring  the  field  for  which  the  magnetization  vanishes  (after  application 
of  a  maximum  field  of  12  T),  the  maximum  coercive  force  and  the  demagne¬ 
tization  process  around  the  remanence.  As-cast  samples  exhibited  different 
behaviour  depending  on  their  degree  of  amorphousness  but,  in  general, 
magnetic  hardness  was  not  developed  upon  preparation.  Samples  with  the 
highest  amorphous  phase  content  were  annealed  at  temperatures  between 
750-850°C  and  for  times  in  the  range  of  3-30’.  Hysteresis  loops  of  annealed 
samples  are  typical  of  a  two  magnetic  phase  material:  the  hardest  magnetic 
phase  presents  an  coercive  force  of  1 .5  T,  which  is  due  to  the  presence  of 
the  1:12  phase  as  it  is  shown  by  the  X-ray  diffraction  patterns. 

1  M.  Katter,  J.  Wecker  and  L.  Schultz.  Appl.  Phys.  Lett.  §6  (14)  1377-1379 
(1990) 
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ABSTRACT 

Many  fluxgate  magnetometers  use  as  the  magnetic  sensing  element 
the  ringcore  fluxgate.  The  sensing  mechanism  is  based  on  the 
ability  for  the  ferromagnetic  core  material  to  be  fully  AC 
magnetized  by  a  moderate  AC  current  flowing  in  the  toroidally 
wound  excitation  coil. 

The  classical  material  used  in  the  magnetic  core  consists  of 
sheets  or  ribbons  of  the  permalloy  type.  A  serious  drawback  for 
this  material  is  its  high  sensitivity  to  small  mechanical 
stresses  which  makes  a  heat  treatment  necessary  after  the  sensor 
production. 

In  recent  papers  it  has  been  demonstrated  that  non-magnetostric- 
tive  metallic  glass  ribbons,  suitably  heat  treated,  compete 
favourably  with  traditional  core  materials  of  the  permalloy  type. 
In  the  present  work  we  make  a  systematical  study  with  the  purpose 
of  further  reducing  in  the  low  noise  level  (about  17  pT,  RMS 
0.06-10.0  Hz)  normally  obtained  as  a  standard  for  sensors  from 
our  present  methods  of  production.  The  lowest  noise  level  we  have 
obtained  till  now  is  12  pT  for  a  sensor  like  those  discussed 
belovr 
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ABSTRACT 

Magnetic  anisotropy  of  low  magnetostr ict ive  Co-based  alloys 
(VC-6150)  has  been  measured  by  torque  magnetometry  for  different 
thicknesses  obtained  by  mechanical  polishing  of  the  as-quenched 
sample.  The  results  allow  us  to  evaluate  the  contribution  to  the 
whole  anisotropy  of  the  different  possible  origins  such  as  surface 
roughness  or  induced  anisotropies  produced  during  the  quench. 
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ANISOTROPY  FIELD  DISTRIBUTION  IN  AMORPHOUS  Co-P 

ALLOYS 

AGarcia  Anibas,  J.  Herreros*  and  J.M.Barandiaran 
Dpto.  de  Electricidad  y  Electronica  and  (*)  Depto  de  Fisica  Apiicada 
Facultad  de  Ciendas,  UPV/EHU,  Apdo.  644,  48080  Bilbao  (SPAIN) 


As  is  well  known,  the  amorphous  Co-P  alloys  obtained  by 
electrodeposition  show  high  magnetic  anisotropy  with  its  easy  axis 
perpendicular  to  the  deposition  surface.  Such  anisotropy  has  been 
related  to  the  columnar  growth  of  a  Co  rich  phase  during  the  alloy 
formation  /I/.  A  procedure  for  obtaining  the  anisotropy  distribution  in 
ferromagnetic  amorphous  alloys  has  been  recently  developed  121.  In  this 
work  we  repport  the  study  of  the  evolution  of  the  anisotropy  distribution 
as  a  function  of  the  annealing  temperature  in  some  Cot-xPx  (0.07<  x 
<0.20)  alloys.  For  some  alloys  the  anisotropy  field  and  the  width  of  the 
distribution  decrease  with  the  annealing  before  a  huge  perpendicular 
anisotropy  is  developed  at  cristallization.  Other  samples  show  the 
appearence  of  a  clear  assymmetry  in  the  distribution  although  at 
crystallization  there  is  not  a  definite  perpendicular  magnetic  anisotropy. 
These  differences  are  related  to  the  temperature  and  electrical  current 
density  involved  in  the  preparation,  that  determine  the  estructure  and 
composition  of  the  samples. 

/I/  J.M.  Riveiro,  M.C.  S4nchez  and  G. Rivero.  IEEE  Trans,  on  Magn.  17, 
1282  (1981). 

121  J.M.Barandiaran,  M. Vazquez,  A. Hernando,  J. Gonzalez  and 
G. Rivero.  IEEE  Trans,  on  Magn.  25 , 3330,  (1989). 
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UNIDIRECTIONAL  MAGNETIC  ANISOTROPY  IN 
METALLIC  GLASSES 


J.M.  Riveiro,  J.  Flores  and  M.J.  Bernal 
Universidad  Castilla-La  Mancha,  F.  de  Qulmica,  Ciudad  Real  -  Spain 


The  existence  of  a  weak  unidirectional  magnetic  anisotropy  has  been 
recently  observed  in  some  metallic  glasses  (1).  This  anisotropy  appears  after  an 
intense  and  constant  magnetic  field  was  applied  to  the  sample.  This  anisotropy 
disappears  if  an  intense  alternating  magnetic  field  is  applied. 

The  origin  of  this  magnetic  anisotropy  remain  unknown,  although  there  are 
indications  that  it  could  be  related  to  the  presence  of  clusters  with  high  local 
magnetic  anisotropy  in  the  amorphous  matrix  (1).  In  this  work  we  describe  a 
method  to  measure  the  unidirectional  magnetic  anisotropy  and  its  temperature 
dependence.  This  magnetic  phenomenon  was  studied  in  the  metallic  glass  Co75  B2J 
up  to  crystallization  temperature. 


(1)  J.M.  Riveiro,  U.  Phys.:  Cond.  Matter  3,  3563  (1991) 
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LARGE  BARKHAUSEN  EFFECT  AND  COUPLING  FACTOR  IN  AMORPHOUS  WIRE  MATERIAL 

C.  Gomez-Polo  and  M.  Vazquez,  Instituto  de  Ciencia  de  Materiales  (C.S.I.C.),  Serrano  144.  28006  Madrid,  Spain 

and 

J.  M.  Blanco  and  J.  Gonzalez,  Dpto.  Fisica  de  Materiales,  Universidad  de  Pais  Vasco,  San  Sebastion,  Spain 

and 

D.  Carey,  M.  Hickmott  and  H.  T.  Savage,  Instituto  de  Magnetismo  Apiicado  of  the  Universidad  Complutense 
and  RENFE.Apartado  155,  Las  Rozas  (Madrid),  28230,  Spain 


Bistable  behaviour  occurs  in  highly  magnetostrictive  amorphous  wires  due  to  the  presence  of  an  inner 
core.  The  dependence  of  the  magnetic  parameters:  (1)  the  switching  field  //“,  (2)  coercive  field  Hc  and  (3) 
reduced  remenence  mr,  on  applied  tensile  stress  <ra,  has  been  studied  in  current  annealed  amorphous  wires. 
The  switching  field  increases  as  <jXJ 2  in  fully  relaxed  samples,  while  in  both  as  quenched  and  partially  relaxed 
samples  the  <rxJ2  relationship  holds  only  at  high  values  of  <rm.  The  coercive  field  increases  with  <ra  in  a  way 
similar  to  //*  and  mr  increases  up  to  the  saturation  value.  This  behaviour  can  be  explained  by  taking  into 
account  the  different  regions  that  have  been  proposed  for  these  wires.  We  also  present  data  on  the  effect  of 
length.  The  switching  field  increases  with  length  up  to  a  saturation  value.  A  minimum  of  about  60  mm  is 
needed  for  the  occurance  of  bistability.  We  conclude  that  the  axial  demagnetizing  field  which  depends  on 
inner  core  dimensions  and  stresses  also  determines  values  of  the  switching  field. 

We  have  also  made  the  first  dynamic  coupling  factor  measurements  in  current  annealed  amorphous  wires. 
The  materials  are  very  lossy  at  the  resonant  frequencies  due  to  eddy  currents.  Values  of  the  coupling  factor 
are  therefore  lower  than  in  static  couplirg  factor  mcarsurements.  Optimun  current  annealing  conditions  were 
established. 
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STUDY  FOR  PHASE  SEPARATION  IN  AMORPHOUS  PEN/PET 

BLENDS 

BY  MEANS  OF  UC  CP/MAS  NMR 


Mingming  Guo  and  H.G.  Zachmann 

Institut  fur  Technische  und  Makromolekulare  Chemie 
Universitat  Hamburg,  Bundesstr.  45,  D-2000  Hamburg  13  FRG 


CP/MAS/DD  '3C  NMR  has  been  demonstrated  as  a  valuable  tool  for  the 
characterization  of  polymer-polymer  miscibility.  In  general,  the  mostly  used 
methods  are  as:  1)  Perturbation  in  the  isotropic  chemical  shift;  2)  Intermolecular 
CP  in  a  mixture  of  deuterated  and  protonated  materials;  3)  Determine  the  proton 
relaxation  times. 

For  some  polymer  blends  systems,  such  as  the  systems  report  here,  blends 
of  poly  (ethylene  naphthalene-2,6-dicarboxylate)  (PEN)  and  poly  (ethylene 
terephthalate)  (PET),  the  chemical  shifts  and  even  the  proton  relaxation  times  of 
the  components  are  the  same,  so  it  is  difficult  to  use  the  above  methods  to  get 
information.  Here  we  show  that  delay  decoupling  and  no  decoupling  CP/MAS 
NMR  methods  can  get  information  about  the  miscibility  of  the  systems. 

The  polymers  and  the  blends  samples  are  dissolved  in  hexafluoroisopropanol 
and  precipitated  by  ethanol.  The  amorphous  blends  are  obtained. 

For  the  four  blends,  50  PEN/50  PET-d,  blend,  50  PEN-co-PHB  (60:40)/50 
PET-d,  blend,  50  PEN/50  PEN-co-PHB-d10  (80:20)  blend,  and  50  PET/50  PEN-co- 
PHB-dlo(80:20)  blend.we  measure  the  CP/MAS  NMR  spectra  with  no  dipolar 
decoupling  and  delay  decoupling,  compare  them  with  the  normal  CP/MAS/DD 
spectra,  and  find  that: 

1)  Only  for  50  PEN/50  PEN-co-PHB-d,„(80:20)  blend,  the  intermolecular 
cross  polarization  between  the  deuterated  carbons  in  PEN-co-PHB-d10(80:20)  and 
the  protons  in  PEN  are  observed  in  the  delayed  decoupling  and  no  decoupling  ,3C 
CP/MAS  spectra.  This  means  that  the  average  distances  between  deuterated- 
carbons  in  PEN-co-PHB-d,0( 80/20)  and  protons  in  PEN  in  the  blend  is  on  the  order 
of  10A  or  less,  i.e.  the  system  is  sufficiently  miscible  on  a  molecuLr  scale. 

2)  The  delayed  decoupling  and  no  decoupling  l}C  CP/MAS  measurement 
is  more  useful  than  the  normal  UC  CP/MAS/DD  measurement,  because  by  using 
the  former  method,  there  is  no  chemical  shift  and  proton  relaxation  time  range 
limitation  of  the  components. 
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STUDY  OF  THE  MOLECULAR  DYNAMICS  IN  PVME/PH  MISCIBLE  BLENDS 
BY  MEANS  OF  NUCLEAR  MAGNETIC  RESONANCE 
J.M.  Albcrili.  Mi1.  Lorenzo  Borda  and  J.  Colmeneto.  Departamento  de  Ffsica  de  Materiales, 
Universidad  del  Pais  Vasco,  Facultad  de  Qulmica,  Apdo  1072, 20080  San  Sebastian,  SPAIN. 

We  have  investigated  the  molecular  dynamics  in  a  miscible  (only  one  glass-tiansition  process) 
glass-forming  polymer  system  Po!y(vinyl  methyl  ethcr)/Phenoxy  (PVME/PH)  by  means  of  13C 
Nuclear  Magnetic  Resonance,  i.e..  in  a  mesoscopic  time  scale  (10~7-10',0s).  The  magnitude 
measured  was  the  temperature  behaviour  of  the  13C  spin-lattice  relaxation  time  T,  at  a  frequency  of 
75.4  MHz.  The  big  advantage  of  NMR  technique  over  other  relaxation  techniques  is  that  13C  NMR 
allow  us  to  follow  the  relaxation  behaviour  corresponding  to  a  given  carbon.  In  our  case  we  have 
followed  the  relaxation  behaviour  of  both,  CH  group  of  PVME  and  the  protonated  carbon  of  the 
phenyl  group  of  PH.  This  procedure  gives  the  opportunity  of  studying  how  the  dynamics  of  one  of 
the  components  of  the  blend  is  affected  by  the  presence  of  the  other  component 

With  the  assumption  of  a  purely  13C-*H  dipolar  relaxation  mechanism  T]  is  given  by 
2  2 

T '  =_ ^  [  3J(coc)  +  61(a),,  +  <bc)  + 1(0)„  -  <oc)  ] 

'  10  4 

where  Wq  and  u>„  arc  the  Larmor  frequencies  for  carbon  and  proton  respectively,  Yq  and  Yh  arc  the 
gyromagnclic  ratios  and  fen  is  the  carbon-proton  intemuclear  distance.  J(n>)  is  the  spectral  density 
function  which  is  defined  as  the  Fourier  transform  of  the  self  correlation  function  G(t)  of  the  C-H 
relative  orientation.  In  this  work  we  have  assumed  a  stretched  exponential  form  for  G(t),  G(t)  =  exp[  - 
(t/tc(T))P  J.  tc  is  a  characteristic  time  scale  and  P  is  a  parameter  0<P<1  which  gives  account  of  the 
separation  of  G(t)  from  a  single  exponential  decay.  The  results  obtained  indicate  that  the  correlation 
time  tc(T)  for  the  CH  group  of  PVME  and  for  the  phenyl  group  of  PH  in  all  the  PVME/PH 
compositions  studied  arc  similar.  This  support  the  idea  of  a  dynamical  miscibility  in  this  system  at 
least  at  the  mesoscopic  time  range.  On  the  other  hand,  we  have  obtained  the  variation  of  the  p 
parameter  values  as  well  as  the  apparent  activation  energy  values  (from  In  tc  versus  1/T)  for  the  CH 
group  of  PVME  and  for  the  phenyl  group  of  PH,  as  a  function  of  the  blend  composition.  The 

behaviours  obtained  have  been  interpreted  in  the  framework  of  the  coupling  model  ideas. 

This  work  has  been  supported  by  the  UPV  206.2I5-E032I90  Project.We  thank  Gipuzkoako 
Foru  Aldundta  for  partial  ftnaniial  support.  M.F.  Lorenzo  also  acknowledges  the  grant  of  the  Basque 
Department  of  Education. 
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PHYSICAL  AGING  AND  DIELECTRIC  RELAXATION  IN  A  POLAR 
GLASSY  POLYMER.* 

A.  Alegrfa,  E.  Guenica-Echevarrfa,  I.  Tellerfa  and  J.  Colmcnero 
Departamento  dc  Fi'sica  de  Materiales,  Universidad  del  Pals  Vasco  UPV/EHU 
Facultad  de  Qufmica,  Apdo.  1072, 20080  San  Sebastian,  Spain. 

Nowadays  it  is  well  known  that  a  glassy  polymer  below  the  glass- 
transition  is  an  unstable  system  which  will  have  slow  decay  towards  the 
supercooled  liquid-like  equilibrium  state.  This  process,  which  is  frequently  called 
physical  aging,  can  be  monitored  by  means  of  thermodynamic  magnitudes  as 
volume  or  enthalpy.  However,  while  this  process  is  going  on,  other  physical 
properties  as  the  dielectric  response  in  the  case  of  polar  systems,  should  also  be 
affected. 

In  this  work  we  have  investigated  enthalpy  recovery  and  the  change  of  the 
dielectric  response  as  a  function  of  the  annealing  time,  just  below  the  glass 
transition,  in  Polyfbisphenol  A,  2-hydroxypropylether)  (phenoxy).  For  the 
enthalpy  recovery  measurements  a  Perkin-Elmer  DSC-4  set-up  was  used.  For  the 
dielectric  relaxation  study  we  used  a  time  domain  experimental  procedure  based 
on  the  transient  current  technique.  In  this  experimental  procedure,  the  sample  is 
cooled  down  at  constant  rate,  from  above  Tg,  until  the  measurement  temperature 
(T<Tg)  is  reached.  After  a  given  annealing  time,  the  electric  field  is  applied 
during  a  polarization  time  tp.  When  the  electric  field  is  removed,  the 
depolarization  current  is  measured  as  a  function  of  the  time.  The  time  behaviour 
of  the  current  can  be  well  described  by  assuming  a  stretched  exponential 
functional  form  for  the  dielectric  response  function  :<I>(t)  =  expf-ft/Ty/w)^] 

The  results  obtained  in  this  work  indicate  that  physical  aging  produces  a 
clear  increase  of  the  characteristic  time  scale  Xyp#  and  a  less  clear  variation  of  the 
exponent  (3.  These  results  confirm  previous  ones  obtained  from  other  polymers. 
The  comparison  between  enthalpic  recovery  and  dielectric  results  allow  to 
rationalize  only  some  of  the  observed  behaviours.  Therefore,  more  insight  effort 
from  both,  the  experimental  and  theoretical  points  of  view,  is  needed  for  a  whole 
understanding  of  the  dielectric  behaviour. 

*  This  work  has  been  supported  by  the  CICyT  (project:  MEC  MAT89-0816)  and  by  Gipuzkoako 
Foru  Aldundia.  One  of  us  (EG)  acknowledges  the  grant  of  the  Spanish  Ministry  of  Education. 
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TEMPERATURE  DEPENDENCE  OF  ENTHALPY  RELAXATION 
PARAMETERS  IN  A  FULLY  CURED  EPOXY  RESIN 
S. Montserrat 

Laboratori  de  Termodin&mica  i  Fisico-qutmica. 
E.T.S.Enginyers  Industrials  de  Terrassa.  Universitat  Politecnica  de  Catalunya. 
C.  Coldn  11.  08 222-Terrassa  (Barcelona) 


A  fully  cured  epoxy  resin  presents  two  characteristic  aspects:  The  crosslinked 
nature  and  their  glassy  state.  The  chemical  crosslink  between  functional  groups 
gives  the  network  structure  and  the  thermosetting  properties  of  the  material.  As  a 
consequence  of  their  glassy  nature,  epoxy  resins  can  undergo  structural  relaxation 
or  physical  ageing  at  annealing  temperatures  below  Tg,  despite  its  network 
structure.  The  main  goal  of  this  work  is  the  study  of  the  temperature  dependence  of 
the  ageing  parameters  in  the  enthalpy  relaxation  process  of  a  fully  cured  resin,  with 
a  constant  crosslinking  density.  The  ageing  parameters  studied  are  enthalpy 
relaxation  or  relaxation  function  and  the  effective  recovery  time. 

At  low  ageing  temperatures  (Ta)  two  endothermic  peaks  were  detected  by 
differential  scanning  calorimetry:  one  of  them  appears  well  below  the  glass 
transition  (main  peak),  whose  position  and  intensity  is  strongly  dependent  on 
ageing  time  ta,  and  the  other  peak  appears  superposed  to  Tg  (upper  peak)  with  a 
very  low  intensity.  The  main  peak  is  shown  to  be  caused  by  the  kinetics  of  the 
relaxation  process,  taking  into  account  a  distribution  of  relaxation  times. 

For  each  Ta,  the  enthalpy  relaxation  Ah  increases  with  the  annealing  time  and 
tends  to  have  a  limiting  value  which  depends  on  Ta.  This  behavior  is  similar  as  such 
observed  in  thermoplastic  polymers  as  a  consequence  of  the  segmental  mobility 
decrease  when  the  system  approaches  the  equilibrium  (metastable)  state.  This 
limiting  value  tends  to  increase  with  Ta  till  a  maximun  and  further  to  decrease  when 
Ta  approaches  to  Tg.  The  maximum  extent  of  the  relaxation  process  has  been 
observed  at  Ta=80°C.  Parallely  the  relaxation  function  <J>(t)  decreases  exponentially 
with  ta  and  its  decay  increases  gradually  with  Ta.  The  effective  recovery  time  reff 
increases  with  the  extent  of  relaxation  process  because  the  segmental  chains  loss 
mobility.  The  variation  of  xc{y  with  <J>ft)  decreases  when  Ta  approaches  to  Tg. 

(  CICYT  Project  no.  MAT  02K2/X9J 
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DILUENT  EFFECT  ON  DYNAMIC  MECHANICAL  RELAXATIONS  OF  AN 

AMORPHOUS  COPOLYESTER 

R.  Benavente,  J.M.  Perena,  E.  Pdrez,  A.  Bello 

Institute  de  Ciencia  y  Tecnologi'a  de  Poh'meros 

Juan  de  la  Cierva,  3.  28006  Madrid. 

V.  Lorenzo 

ETS  Ingenieros  Industriales 

Josd  G.  Abascal,  2.  28006  Madrid.  Spain 

The  addition  of  plasticizers  to  polymers  changes  their  mechanical 
properties,  which  can  be  adequately  studied  by  means  of  dynamic  mechanical 
analysis.  The  aim  of  this  work  is  to  study  the  influence  on  the  viscoelastic 
behaviour  of  the  diluent  concentration  in  an  amorphous  copolyester  based  on 
polyfethylene  glycol  terephthalate),  and  poly(l,4-cyclohexanedimethanol 
terephthalate)  (3:1  by  weight),  plasticized  with  tricresylphosphate.  Dynamic 
mechanical  measurements  were  carried  out  at  several  frequencies  in  the 
temperature  range  from  -140  to  120  °C,  for  several  copolyester  samples  with 
varying  concentration  of  diluent. 

Two  relaxations,  alpha  and  beta  in  order  of  decreasing  temperature,  were 
found  for  the  copolyester-diluent  mixtures.  They  are  differently  affected  by  the 
concentration  of  the  diluent.  Thus,  the  intensity  and  sharpness  as  well  as  the 
temperature  location  of  the  former  one,  considered  the  glass  transition  of  the 
plasticized  samples,  decrease  as  the  amount  of  diluent  increases.  In  contrast,  the 
temperature  location  of  the  beta  relaxation  remains  practically  unaltered,  although 
its  intensity  also  decreases  as  the  plasticizer  concentration  increases. 
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DYNAMIC  MECHANICAL  BEHAVIOUR  OF  VINYL  ALCOHOL-ETHYLENE 
COPOLYMERS 

M.L.  Cerrada,  J.M.  Perena,  R.  Benavente,  E.  Pdrez,  A.  Bello 
Instituto  de  Ciencia  y  Tecnologi'a  de  Polfmeros 
Juan  de  la  Cierva,  3.  28006  Madrid. 

The  copolymers  of  vinyl  alcohol  and  ethylene  (VAE)  with  high 
concentration  of  the  former  component,  are  used  increasingly  as  barrier  layers  for 
packaging  foods  and  pharmaceuticals.  These  recent  applications  of  materials 
synthesized  long  time  ago  have  prompted  the  study  of  the  structure-dependent 
properties  of  the  VAE  copolymers.  The  gas  barrier  properties  of  these  materials 
are  strongly  affected  by  both  vinyl  alcohol  and  water  contents,  which  can  be 
studied  by  using  different  approaches,  one  of  the  most  sensitive  being  dynamic 
mechanical  measurements. 

The  analysis  of  the  dynamic  mechanical  behaviour  of  the  VAE  copolymers 
has  been  done  in  connection  with  those  corresponding  to  the  related 
homopolymers,  poly(vinyl  alcohol)  (PVA)  and  polyethylene  (PE).  The  VAE 
copolymers  show  a  viscoelastic  behaviour  more  akin  to  that  of  PVA  in  the  high 
temperature  range,  and  similar  to  that  of  PE  below  room  temperature.  In  this  last 
range,  a  weak  shoulder  at  -120  °C  and  a  broad  peak  around  -20  °C  are  found, 
which  resemble  the  gamma  relaxation  of  methylenic  sequences  and  the  beta 
relaxation  of  branched  polyolefins,  respectively.  Moreover,  the  glass  transition 
temperature  of  the  VAE  copolymers  decreases  as  the  ethylene  content  increases. 
The  Tg’s  are  clearly  detected  by  dynamic  mechanical  analysis,  in  contrast  to  their 
difficult  evidence  in  the  DSC  curves. 
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LOCAL  DEFORMATION  INHOMOGENEITY  IN  DYNAMIC 
MECHANICAL  BEHAVIOUR  OF  BLOCK  COPOLYMERS 
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Institute  of  Macromolecuiar  Compounds,  Academy  of  Sciences  USSR 
Leningrad 


Block  copolymers  forming  domain  structures  are  complex  rheological  bodies 
and  their  viscoelastic  properties  are  far  from  being  explained  just  on  the  basis  of 
the  properties  of  each  component. 

A  model  is  presented  which  describes  the  relationship  between  macroscopic 
complex  modulus  and  the  distribution  of  local  deformations  in  the  sample  in  a  wide 
temperature  range.  Some  of  these  deformations  are  of  large  magnitude  due  to 
micromechanical  stress  concentration  in  an  inhomogeneous  system  contrary  to 
homogeneous  one.  Predictions  of  the  model  were  compared  with  the  experiments 
for  a  series  of  butadiene-styrene  block  copolymers  and  the  predictions  of  our 
previously  published  model  which  described  the  contribution  of  interfacial  layers. 
The  relaxation  spectra  were  analyzed  as  well. 
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NON-LINEAR  CREEP  AND  THE  EFFECT  OF  FREE  VOLUMEN 
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In  recent  work,  it  has  been  shown  that,  by  a  suitable  generalization  of  the 
Cohen-Grest  free  volume  theory,  one  could  compute  the  order  parameter  and 
temperature  dependence  of  a  complete  set  of  nematic  viscosities  for  nematic 
polymers,  either  in  equilibrium  ',  or  in  the  out  of  equilibrium  region  close  to  the 
glass  transition  temperature 1  2.  We  consider  now  the  situation  where  the  free 
volume  depends  on  the  applied  stress.  This  dependence  can  easily  be  computed 
from  our  previous  expressions,  and  a  series  of  e.g.  tensile  creep  curves  can  be 
computed.  Our  results  are  compared  to  experimental  data  on  polypropylene  and 
the  agreement  found  is  quite  good. 


1.  A.C.  Diogo,  A.M.  Veiho  -  Mol.  Cryst.  Liq.  Cryst.  153  (1987)  231. 

2.  A.C.  Diogo,  A.M.  Veiho  -  in  "Molecular  Structure  and  Rheology  of  Polymers", 
Suppl.  Rev.  Port.  Hemorr.  (1990)  (in  press) 


55 


PI-19 


DETERMINATION  OF  TRAP  PARAMETERS  IN  POLYMERS 


J.  Swiatek  and  A.  Mandowski 

Institute  of  Physics,  Pedagogical  University,  Al.  Artnii  Krajowej  13/15 
42-201  Czestochowa  (Poland) 


One  of  the  main  problems  in  the  theory  of  thermally  stimulated  currents 
(TSC)  is  to  take  into  account  retraping  effects  which  take  place  during  thermal 
release  of  trapped  carries.  For  the  sake  of  simplicity  usually  mode  assumption  is 
to  neglect  those  effects,  then  one  obtain  formula  first  derived  by  Randall  and 
Willmis. 

In  this  paper  an  equation  in  generalized  Randal  -  Willmis  form  was  derived 
which  takes  into  account  retraping  phenomena. 
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Gerald  W.  Koebrugge,  Jilt  Sietsma 

Laboratory  of  Materials  Science,  Delft  University  of  Technology, 
Rotterdamseweg  137,  2628  AL  Delft,  the  Netherlands 


Small  amounts  of  transition  metals  strongly  affect  structural 
relaxation  in  FeB  amorphous  alloys  [1].  Electrical  resistivity 
measurements,  both  in  isothermal  and  in  scanning  conditions,  have 
been  performed  on  Fe75Cr5B2Q  .  Depending  on  the  annealing  tem¬ 
perature,  both  positive  and  negative  values  of  the  property 
changes  as  a  function  of  time  have  been  observed,  suggesting 
that  different  types  of  short  range  ordering  take  place  during 
relaxation . 

Young's  modulus  variations  (through  velocity-of-sound  measure¬ 
ments)  have  also  been  considered.  In  contrast  with  the  resistivi¬ 
ty  measurements,  in  all  cases  a  positive  change  is  found  for  this 
property.  For  comparison,  the  same  measurements  have  been  per¬ 
formed  on  other  iron-transition  metal-boron  glasses.  A  remarkable 
correlation  between  the  resistivity  changes  and  the  relative 
Young's  modulus  changes  is  found. 

Young's  modulus  measurements  on  pre-annealed  samples  dis¬ 
close  a  reversible  component  in  the  structural  relaxation. 

(1)  G. Riontino  &  F. Marino,  Scripta  Met.  18  (1984)  13 
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POSITRON  LIFETIME  AND  X-RAY  DIFFRACTION  MEASUREMENTS  DURING 
STRUCTURAL  RELAXATION  IN  METALLIC  GLASSES  Fe7g_x  COjjSigBjg 

J.Filipecki 

Institute  of  Physics,  Pedagogical  University 
Al.Armii  Krajowej  13/15;  42201  Czestochowa,  Poland. 

The  isothermal  annealing  of  metallic  glasses  give  rise  to  changes 
in  many  physical  properties  together  with  transition  to  the  crys¬ 
talline  state  in  higher  temperatures  of  annealing.  The  process  is 
caused  by  atomic  rearrangements  in  the  amorphous  structure  and  is 
generally  called  "structural  relaxation'1 . 

Investigated  specimens  of  metallic  glasses  Fe7g_x  COjfSigBjg 
(x=0,30,50,78)  were  first  preannealed  for  10^s  at  530K  and  next 
the  same  specimens  were  further  annealed  at  578K  and  778K  (  for 
10^s  respectively). 

The  positron  lifetime  and  X-ray  diffraction  measurements  show 
that  annealing  process  below  the  crystalline  temperature  (  530K 
and  578K)  causes  changes  in  chemical  and  topological  short  range 
ordering.  At  the  same  time  isothermal  annealing  at  778K  causses 
increase  in  the  number  of  positron  -  trapping  voids  and  existance 
of  eL  -Fe  and  13-Co  crystalline  phases. 
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CALORIMETRIC  STUDY  OF  THE  CRISTALLIZATION 
PROCESSES  OF  AMORPHOUS  CoP  ALLOYS 
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Instituto  de  Cienda  de  Materiales  -  CSIC.  Serrano  144.  28006  Madrid, 
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*Fisica  de  Materials,  Dept,  de  Fisica.  Universitat  Autonoma  de 
Barcelona.  08193  Bellaterra,  Barcelona,  Spain. 


Cristallization  processes  of  amorphous  alloys  of  composition  Co, ,  P« 
(10<x<25)  have  been  monitored  through  DSC  measurements.  Two 
different  exothermic  processes  can  be  observed  when  the  sample 
composition  has  a  P  content  lower  than  the  eutectic  (20%  atoms  P), 
being  the  cristallization  enthalpy,  independently  of  composition,  of  60 
J/g  for  each  orocess  (when  both  peaks  were  not  completely 
separable  the  global  transformation  enthalpy  is  aproximately  120  J/g). 
The  activation  energy  has  been  measured  by  performing  several 
thermograms  at  different  scanning  rates  ,  yielding  values  of  1.9  and 
1.7  eV  and  frecuency  factors  of  the  order  of  10’4  and  10"  s  '  for  the 
first  and  second  process  respectively.  X  ray  dfifractograms  of  the  final 
transformation  product  show  peaks  corresponding  to  Co  (hep  +  fee) 
and  Co2P,  whereas  diffractograms  of  samples  for  which  only  the  first 
stage  of  crystallization  has  been  completed  show  the  presence  of  Co 
plus  an  amorphous  halo.  Therefore,  crystallization  occurs  through  a 
two  steps  process:  a  primary  transformation  to  Co  plus  a-CoP 
followed  by  a  second  crystallization,  probably  eutectic,  of  the 
remaining  amorphous  phase.  Both  the  width  of  the  XRD  peaks  and 
SEM  obsevations  of  fresh  fracture  surfaces  of  the  final  product  show 
that  its  microstructure  is  very  fine,  with  maximum  grain  size  of  the 
order  of  100  nm.  Crystallization  proceeds  in  a  different  way  for  the 
compositions  with  P  content  higher  than  the  eutectic,  in  which  a  single 
exothermic  process  has  been  observed.  In  this  case  XRD  also  show 
Co  and  Co,P  peaks,  with  Co?P  presenting  a  strong  texture,  with  the 
[001]  direction  perpendicular  to  the  sample  plane.  Evaluation  of  the 
Co,P  grain  size  through  the  Scherrer  expression  gives  a  value  of  the 
order  of  20  nm  along  the  above  mentioned  direction. 
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CRYSTALLIZATION  PROCESS  BY  STUDY  OF  RESISTIVITY  THROUGH 
CONTROLLED  JOULE  EFFECT  HEATING 

P.  Rougicr  and  R.  Krishnan 

Laboratoire  dc  magndtismc  ct  Maldriaux  Magndtiqucs,  C.N.R.S.  F-92195  Mcudon 

Wc  have  dcvcloppcd  a  new  method  of  studying  the  crystallization  process  in  mcll- 
qucnchcd  amorphous  magnetic  alloys.  This  method  consists  of  monitoring  the 
resistivity  while  the  amorphous  sample  (ribbon)  is  traversed  by  a  current  whose 
intensity  is  increased  in  a  programmed  way  with  lime1-2.  Currents  of  intensities 
high  enough  to  take  the  sample  above  the  crystallization  arc  employed.  As  a  ease 
study  we  report  our  results  on  Feso-*Ni*B 1 2Sin  alloys  with  Os  x  s  80,  prepared  by 
melt  spinning  technique.  Some  interesting  characteristics  arc  observed  as  x  is 
increased. 

In  this  technique  one  observes  the  change  in  the  resistivity  (R)  as  a  function  of 
electric  power  (P),  and  steps  are  observed  each  time  a  phase  transition  occurs.  Fig.  I 
shows  typical  examples  for  x=  20,  40  and  70  which  arc  key  compositions.  After 
each  stage  of  crystallization,  x-ray  analyses  were  made  in  order  to  identify  the 
phase.  From  the  analysis  of  the  results  some  general  conclusions  have  been  drawn, 
which  arc  briefly  as  follows: 

At  the  time  of  vitrification  the  following  local  units  arc  suggested  to  be  present;  a) 
Ni  t  B.  b)  Nil  Fc,  c)  Fci  B. 

In  all  the  compositions  studied  the  above  appear  either  singly  or  as  a  mixture. 

For  \=  18  and  36,  if  one  considers  the  units  (a)  ami  (b)  indicated  above  there 
remains  44  %  of  Fc  in  excess. 

On  the  contrary  for  x=  69,  the  crystalline  phases  arc  distributed  between  Niir,  B12 
(or  Nii  B),  and  Nin  Fen  (or  Nil  Fc  )  and  no  excess  of  metal  atoms  appear. 

1.  R.  Krishnan  and  P.  Rougicr,  IEEE  Trans.  Mag.  MAG  20  1370  1984 

2.  P  Rougicr,  Doctral  thesis,  ftiris  VI,  jan  1990 
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K  Ishii*  and  B  Cantor 

Oxford  Centre  of  Advanced  Materials  and  Composites  , 
Department  of  Materials  ,  University  of  Oxford, 
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♦On  leave  from  Kawasaki  Steel  Corporation 


The  crystallization  behaviour  of  Fe|0Q_x_yCr|gMxBy  (  M  =Ti  or  Zr, 
x=0-8,  y=5-20  )  amorphous  alloy  ribbons  prepared  by  melt  spinning  have 
been  investigated  by  a  combination  of  differenial  scanning  calorimetry 
(DSC)  and  transmission  electron  microscopy  (TEM).  Melt  spun  alloy  ribbons 
containing  Zr  are  amorphous  over  a  wider  range  of  chemical  copmositions 
than  ribbons  containing  Ti.  In  continuous  heating  DSC  experiments,  the 
temperature  of  the  exothomic  crystallization  peak  increases  and  the  heat 
of  crystallization  decreases  in  proportion  to  the  Ti  or  Zr  content,  with  a 
greater  effect  of  Zr  than  Ti.  In  isothemal  DSC  experiments,  the  incubation 
time  of  the  onset  of  crystallization  obeys  the  Arrhenius  law  ,the  exothemic 
crystallization  peak  often  obeys  the  Avrami  lav’  with  an  exponent  of  3,  and 
the  activation  energy  for  crystallization  increases  with  addition  of  Ti  or  Zr. 
TEM  examination  of  melt  apun  ribbons  annealed  just  beyond  the 
crystallization  point  shows  fine  scale  microcrystalline  microsiructures 
consisting  predominantly  of  a-Fe  and  (Fe,Cr)^B. 
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EFFECT  OF  NANOCRYSTALLIZATION  ON  THE  ELECTRICAL  RESIS¬ 
TIVITY  OF  AMORPHOUS  Fe?3 gCu-^Nb-jSij-j  5Bg  RIBBONS. 
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Fe-based  nanocrystalline  metals  obtained  through 
proper  annealings  of  amorphous  ribbons  may  display 
excellent  properties  as  soft  magnetic  materials. 
Initial  permeability  values  as  high  as  100.000  have 
been  obtained  in  nanocrystalline 
Fe73  5Cul ’ Nb3 ' si13  5b9*  The  details  the  amorphous 
to  nanocrystal  transformation  in  this  system  are 
rather  unclear. 

Electrical  resistivity  measurements  have  been  per¬ 
formed  by  means  of  a  four  probe  technique  on 
Fe73  5Cu1Nb3Si13  5Bg  sample  cut  from  a  continuos 
amorphous  ribbon  obtained  by  planar  flow  casting  in 
air.  Isothermal  measurements  at  temperature  ranging 
between  485  °C  and  535  °C  show  that  the  electrical 
resistivity  is  appreciably  reduced  during  the  develop¬ 
ment  of  a  bcc  nanocrystalline  phase. 

The  resistivity  decay  is  always  a  monotonic  one; 
however  no  simple  law  is  observed  ,  indicating  that 
the  formation  of  nanocrystals  is  likely  due  to  various 
diffusion  processes. 

Tempering  measurements  of  the  same  property  performed 
at  1  K/min  and  6  K/min  from  room  temperature  up  to 
about  700  °C,  have  been  also  considered  for  a  kinetic 
analysis  of  the  cr'stallization  processes. 
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ON  THE  AMORPHIZATION  OF  THE  SYSTEMS  Nd-Fe  AND  Sm-Fe  BY 
MECHANICALLY  ALLOYING. 
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In  the  present  work  we  study  the  amorphizability  of  the  systems  Nd-Fe  and 
Sm-Fe  prepared  by  the  mechanical  alloying  technique,  as  well  as  the 
products  formed  after  heat  treatments.  With  this  purpose,  samples  with 
nominal  composition  TR„Fe,  ,  ( 0.05<xs0.3,  TR  =  Nd,  Sm  )  were  prepared. 

Basic  characterization  of  the  "as-milled''  samples  was  performed  by  means 
of  X-ray  diffractometry.  In  the  case  of  the  Nd-Fe  samples,  after  64  h  of 
milling  time  only  peaks  corresponding  to  Nd  and  a-Fe  were  visible.  No 
diffuse  halo  was  observed,  probably  indicating  the  absence  of  amorphous 
phases.  On  the  other  hand,  on  the  Sm-Fe  samples  both  a  halo  and  a-Fe 
peaks  were  observed.  This  halo,  whose  intensity  increases  with  the  Sm 
content,  can  be  associated  to  amorphous  Sm-Fe  phases.  These  differences 
in  the  ability  for  amorphization  of  both  systems  could  be  associated  with  the 
different  value  of  the  enthalpy  of  mixing. 

Thermal  stability  was  studied  using  a  DSC,  heating  up  to  730°C  with  a 
heating  rate  of  40”C/min.  The  intermediate  phases  (obtained  by  stopping 
the  DSC  scanning  at  a  defined  temperature  before  its  completion)  and  the 
final  products  thus  obtained  were  identified  by  X-ray  diffractometry. 

Magnetic  characterization  at  room  temperature  of  as-milled  samples  was 
carried  out  on  small  cylinders  of  pressed  powder  using  a  VSM.  The 
measurements  show  that  saturation  magnetization  decreases  after  milling 
if  compared  with  the  saturation  magnetization  values  of  unalloyed  samples 
with  the  same  Fe  content.  This  fact  be  related  to  the  alloying  of  the  Nd  and 
Sm,  at  least  partially,  with  the  Fe  or  formation  of  some  other  magnetic 
phases. 
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Dpto .  Ing.  Quim.  y  Medio  Amb.  Aptdo  1379  Universidad 
del  Pais  Vasco.  San  Sebastian  (Spain) 

The  study  of  the  corrosibn  in  amorphous  metallic 
alloys  has  an  increasing  interest  during  the  last 
years,  because  the  amorphous  alloys  are  also 
potentially  atractive  materials  for  electric  motors, 
audio  and  video  recording  heads,  magnetic  shielding 
sheets  and  for  building  various  electric  an  electronic 
devices (1,2) . 

In  some  applications,  amorphous  alloys  must  work 
at  moderate  temperature  for  long  times.  However, 
amorphous  alloys  are  intrinsically  unstable  and  leads 
to  significan  changes  in  their  oxidatibn  behaviour 
(4,5)  . 

We  present  here  the  experimental  results  obtained 
using  when  the  metglass  ribbons  were  cristallized  by  an 
electrical  current  flows.  The  percentage  of 
cristallinity  was  obtained  by  determination  of  the 
initial  magnetic  susceptibillity .  The  electrochemical 
behaviour  of  the  ribbons  with  differente  degree  of 
cristallinity  was  followed  by  cyclic  voltammetry.  The 
studied  metglas  were  FegoNi20B20-  As  electrolyte,  a  KOH 
aqueous  solution  was  employed. 

Thicks  oxide  layers  were  obtained  when  the 
metglass  ribbons  were  subjected  to  consecutive 
potential  sweeps  between  different  anodic  and  cathodic 
potential  limits.  The  oxide  growth  was  followed 
stopping  the  consecutive  sweeps  and  checking  the 
voltamperometric  response  when  the  electrode  was 
submited  to  a  potential  sweeps  between  -200  and  -1.200 
mV  at  200  mV/s. 

1. -  N.D.  Cristofaro  et  al.,  J. Metals  38,1,(1986) 

2. -  H.  Warlimont,  as  Ref.  1.  p.1599  (1985) 

3. -  Gao  Wei  and  B. Cantor,  Ac.  Metall.  vol.36,  n*8 

2293-2305  (1988) 

3.-R.S.  Biassi,  A.A.R.  Fernandes,  J.of  Mater.  Sci.  24, 
14-44  (1989). 
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Metallic  glasses  are  obtained  by  rapid  quenching  from  the  melt  and  so  are 
metastable  materials.  Quenching  rate  is  an  important  parameter  affecting  structure 
and  glass  temperature  of  the  material  of  a  composition. 

In  this  paper  we  have  studied  the  thermal  stability  of  an  Fe-based  glass  as 
a  function  of  the  gas  pression  injection  of  the  melt  on  the  wheel  during 
preparation  of  the  ribbons.  Differential  scanning  calorimetry  (DSC)  and  thermal 
magnetogravimetry  ( I  MG)  measurements  have  been  used  in  the  study  of  Curie 
temperature  and  crystallization  features  of  the  alloys. 

Devitrification  transformation  shows  two  stages  but  some  changes  at  the 
onset  and  the  interval  between  the  two  stages  have  been  observed.  Curie 
temperature  and  crystallization  onset  rise  as  long  as  thickness  increases.  Influence 
of  the  quenching  rate  on  kinetic  parameters  is  described. 


'  ’Work  supported  by  the  C.I.C.Y.T.  of  the  Spanish  Government  (Project  MAT  88-301  )and  by  the 
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Changes  in  the  glassy  state  produced  by  annealing  of  metallic  glasses  below 
glass  temperature,  the  so-called  structural  relaxation,  affect  many  physical 
properties.  One  of  the  most  sensitive  properties  to  relaxation  is  the  Curie  point,  T,.. 
For  Fe-based  glasses  the  reported  results  indicate  that  Tc  rises  to  a  saturation  value 
after  isothermal  annealing.  However,  the  time  response  of  Tc  and  the  dependence 
of  its  saturation  value  on  the  annealing  temperature  show  compositional 
dependence,  not  yet  well  established. 

In  this  contribution,  the  relaxation  behaviour  of  a  glass  with  nominal 
composition  Fe„Sil3B8  is  reported.  DSC  results  show  two  crystallization  stages:  in 
the  first,  a  precipitation  of  a-Fe  occurs  and  during  the  second  stage  a  polimorphic 
reaction  gives  a-Fe  and  Fe2B  phases  as  final  products.  The  Curie  temperature  for 
the  as-quenched  alloy  is  695  K  and  the  crystallization  onset  is  835  K. 

For  all  annealing  temperatures  in  the  explored  range  (720-750  K)  Tc 
increases  upon  structu.al  relaxation  and  ATC  is  a  monotonic  function  of  annealing 
time  and  temperature.  The  saturation  value,  Tc(=°),  rises  with  the  annealing 
temperature,  T,,  and  ATC(  =  )  shows  a  linear  dependence  with  ’/T,.  Values  of  ATC 
for  each  annealing  temperature  obey  approximately  a  In  t  law.  The  analysis  of  the 
experimental  data  in  terms  of  a  single  relaxation  time  exponential  equation  yields, 
as  expected,  a  relaxation  time  decreasing  with  increasing  annealing  temperature. 


1  Work  supported  hv  the  C  .!.(  .Y.T.  of  the  Spanish  (iovemment  (Project  MAT  88-301)  and  by  the 
Junta  tic  Andalucia 
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Amorphous  to  crystal  transformation  of  the  Ni^Cr^E!,,,  consists,  at  least, 
of  two  stages.  DSC  records,  at  a  constant  heating  rate,  show  two  overlapped 
exotherms  and  the  crystallization  onset  (at  10  K/m)  is  690  K.  The  kinetics  of 
the  non-isothermal  transformation  have  been  studied  by  deconvolution  of  the 
two  exotherms. 

Microstructural  characterization  has  been  carried  out  by  electron 
microscopy  using  a  Hitachi  H800  microscope  operated  to  200  kV.  The  samples 
were  thinned  by  ion-beam  (Ar)  or  electrolitically  (perchloric  +  acetic  bath).  Two 
types  of  samples  were  studied:  partially  or  fully  crystallized  inside  the 
calorimeter  chamber  prior  to  thinning  and  amorphous. 

Three  crystalline  phases  have  been  identified:  an  orthorhombic  Ni4B3 
type,  an  hexagonal  N7B3  type  and  a  cubic  Ni  type,  respectively.  Differences 
between  crystallized  samples  prior  to  thinning  and  those  crystallized  inside  the 
microscope  are  reported. 


1  Work  supported  by  theC.I.C.Y.T.  of  the  Spanish  Government  (Project  MAT  88-301  )and  by  the 
Junta  de  Andalucia. 
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CRYSTALLIZATION  KINETICS  OF  A  Fe75Co4Si3B,8 

M.  Millan,  J.  Leal  and  A.  Conde 

Departamento  de  Fisica  de  la  Materia  Condensada 
Instituto  de  Ciencia  de  Materiales  (C.S.I.C.) 
Universidad  de  Sevilla.  Spain 


We  have  studied  the  devitrification  kinetics  of  an  Fe75Co4B3Si18  alloy  by 
means  of  calorimetric  (DSC)  methods.  The  non-isothermal  DSC  records  show 
up  to  four  exotherms  for  low  heating  rate  values  in  the  explored  temperature 
range  (300-1000  K).  The  crystallization  onset  occurs  to  775  K  and  the  higher 
enthalpy  corresponds  to  the  lower  temperature  exotherm  resulting  from 
overlapping  of  two  peaks.  Kinetics  analysis  have  been  derived  from  non- 
isothermal  data  and,  for  the  main  exotherm,  by  deconvolution  of  the  overlap¬ 
ped  maxima  isothermal  DSC  records. 

Microstructural  characterization  by  electron  microscopy  is  in  progress. 
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X-RAY  DIFFRACTION  IN  GLASSY  POLYMERS  AROUND  Tg 
J.  I.  del  Val,  B.  Rosi*  G.  R.  Mi(eheli+  and  J.  Colmenero 

Dpto.  Fisica  dc  Materiales,  Univ.  Pais  Vasco,  Apdo.  1072,  20080  San  Sebastian,  Spain 
+Physics  Dpt.,  Univ.  Reading,  Whiteknights,  Reading  RG6  2AF,  U.  K. 

Since  a  long  time  the  "Glass  Transition”  phenomenon  is  well  known  for  polymers  and  other 
glasses.  The  mean  square  value  of  the  density  fluctuations  has  been  studied  by  SAXS  (Small  Angle 
X-ray  Scattering)  for  various  amourphous  polymers  around  the  Ghrs  Transition  temperature  (Tg). 
Its  temperature  behaviour  is  linear,  with  higher  slope  in  the  liquid  (T>Tg)  region  than  in  the  glassy 
(TcTg)  one,  being  the  change  of  the  slope  located  in  Tg.  Nevertheless,  up  to  now  no  systematic 
studies  have  been  dcveloppcd  by  WAXS  (Wide  Angle  X-ray  Scattering  in  order  to  know  how  the 
medium  range  order  of  polymeric  glasses  varies  with  the  temperature  around  Tg. 

In  this  work.  WAXS  patterns  have  been  obtained  at  different  temperatures  between  Tg-50K 
and  Tg+50K  for  two  amorphous  polymers:  Poly(Vinyl  Acetate)  (PVAc)  and 
Poly(2-Hydroxypropylclhcr  of  Bisphcnol-A),  Phcnoxy,  with  Tg  located  around  313K  and  373K 
respectively.  We  have  paid  our  attention  to  the  evolution  with  the  temperature  of  the  position  and 
the  intensity  of  the  WAXS  maxima  obtained  in  the  medium  range  order  region  for  values  of  the 
scattering  vector  s<2.5A  ’.  These  maxima  are  interpreted  in  terms  of  interchain  correlations  in  the 
polymer.  At  room  temperature,  PVAc  shows  two  high  intensity  maxima  in  this  region  located  at 
I  A'1  and  1.55A'1  and  Ph  shows  a  high  intensity  maximum  at  1.22A'1  and  a  less  intense  one  at 
shorter  s  values  around  0.5A  *. 

The  results  obtained  at  different  temperatures  show  linear  variations  of  the  positions  and  the 
intensities  of  the  maxima  against  the  temperature.  In  the  case  of  PVAc,  the  variation  of  the 
position  shows  different  slopes  below  and  above  Tg  (higher  at  T>Tg)  for  the  first  maximum; 
although  no  break  in  the  temperature  behaviour  is  found  for  the  second  one.  This  fact  indicates  the 
different  origin  of  the  two  interchain  correlations.  Diffraction  patterns  obtained  in  oriented  PV  Ac  go 
in  the  same  idea.  In  the  case  of  Phcnoxy,  the  temperature  behaviour  of  the  two  peaks  show  the 
break  located  in  Tg.  Finally,  Radial  Distribution  Functions  have  been  obtained  for  the  two 
polymers  at  different  temperatures;  no  definite  changes  can  be  observed.  A  more  definite  conclusion 
in  this  section  would  need  experimental  results  with  better  statistics. 

This  wort  has  been  carried  out  in  1 he  frame  of  the  "Acciones  Inlegradas  llispano  Britanicas" 
Jd  and  96A  and  is  supported  in  part  by  CICYT-project  MEC  MAT89-0I86.  Two  of  us  (JJdV  and 
70  are  grateful  to  the  Gipurkoako  Foru  Aldundia  for  partial  fmanlial  support. 
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A  NEW  APPROACH  TO  THE  STRUCTURAL  STUDY  OF  NON 

CRYSTALLINE  POLYMERS  THROUGH  NEUTRON  DIFFRACTION 

1. J.  del  Val,  B.  Rosi4 ,  F.  J.  Davies+  and  G.  R.  Mitchell* 

Dpto.  Fisica  dc  Materiales,  Univ.  Pais  Vasco,  Apdo.  1072,  20080  San  Sebastiin,  Spain 
♦Physics  Dpi.,  Univ.  Reading,  Whiteknights,  Reading  RG6  2AF,  U.  K. 

The  local  structure  of  non  crystalline  polymers  is  largely  unknown  because  of  a  multitude  of 
possible  intrachain  and  interchain  correlations.  It  is  difficult  to  separate  these  interactions  which 
overlap  in  real  and  reciprocal  spaces,  particularly  in  polymeric  materials  containing  substantial  side 
groups  pending  from  the  backbone  chain.  In  this  work,  we  present  a  novel  approach  to  the  problem 
using  a  selective  deuteration  of  the  polymer  chains  in  order  to  reveal  the  differing  and  complex 
interactions  in  non  crystalline  polymers. 

We  have  used  samples  of  glassy  atactic  polystyrene  (PS)  where  the  side  group  and  the  polymer 
backbone  have  been  selectively  deuteralcd.  Four  different  PS  samples  were  used:  undcutcratcd  PS 
(DO).  PS  deuteralcd  only  in  the  backbone  chain  (D3),  PS  deuteralcd  only  in  the  side  group  (DS), 
completely  dculcratcd  PS  (D8).  Wide  Angle  Neutron  Diffraction  data  were  obtained  using  both  D20 
instrument  at  ILL  and  SANDALS  instrument  at  ISIS. 

The  inelasticity  effects  arc  easily  observed  in  highly  hydrogenated  samples.  In  essence,  these 
problems  have  been  solved  with  relatively  simple  background  and  scaling  operations.  Such  data 
may  be  in  part  directly  analized  and  it  is  possible  to  advance  some  partial  structure  factor 
correlations  which  relate  to  specific  site  (e.  g.  polymer  backbone-polymer  backbone).  In  these  pair 
correlation  functions,  the  pairs  are  formed  by  spccifical  structural  units  not  atoms.  These  specific 
correlations  are  tested  and  compared  to  scattering  functions  obtained  by  computer  built  models.  This 
powerful  technique  has  considerable  potential  in  the  study  of  complex  macromolccular  materials. 

This  work  has  been  carried  oul  in  the  frame  of  the  "Acciones  Inlegradas  llispan )  Britdnicas" 
34  and  96A  We  are  indebted  to  Dr.  B.  Frick  (ILL)  and  to  Dr.  A.  K.  Soper  (ISIS)  for  the  aid  during 
the  experimental  times  and  one  of  us  ( JJdV )  is  grateful  to  the  Gipuikoako  Foru  Aldundia  for  partial 
finantial  support 
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NEUTRON  SCATTERING  STUDY  OF  CHAIN  CONFORMATIONS  IN 
THE  MIXTURES  OF  BLOCK  COPOLYMERS 


‘A.D.  Vilesov",  H.G.  Zachmann  and  2G.A.  Evmenenko 

'Institute  of  Tehcnical  and  Macromolecular  Chemistry, 

University  of  Hamburg  (Germany) 

2Nuclear  Physics  Institute,  Academy  of  Sciences  USSR,  Leningrad 


Mixtures  of  two-block  copolymers  form  perfect  common  domain 
structures  in  a  wide  range  of  polydispersity  and  composition.  Variation  of  the 
mixture  composition  and  the  relationship  between  molecular  weights  of  the 
components  allow  to  control  the  parameters  of  the  structure. 

With  the  aid  of  small-angle  neutron  scattering  there  were  studied  the 
conformations  of  polybutadiene  chains  in  the  binary  mixtures  of  polystyrene- 
polybutadiene  lamellae-forming  block  copolymers  of  different  molecular  weight. 
It  was  shown  that  the  mixtures  formed  perfect  common  lamellae  structures.  The 
radius  of  giration  R,  was  measured  about  the  normal  to  the  interfaces.  The  Rs  of 
long  chains  in  the  mixture  depended  on  the  concentration  of  short  chains.  For 
studied  samples  it  varied  from  0.59Rp,  (R^  is  a  calculated  value  for  Gaussian  coil) 
when  the  concentration  of  short  chains  was  zero  up  to  0.821^  when  each  long 
chain  was  surrounded  with  about  five  short  ones.  The  obtained  data  were 
compared  with  the  theory  concerning  with  chain  conformations  in  the  mixtures  of 
block  copolymers. 

[']  Permanent  address:  Institute  of  Macromolecular  Compounds 
Academy  of  Sciences  USSR,  Leningrad. 
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MOLECULAR  DYNAMICS  IN  PVAc  AS  STUDIED  BY  RELAXATION 
TECHNIQUES  AND  PHOTON  CORRELATION  SPECTROSCOPY.* 

F.  Alvarez,  A.  Alegn'a,  J.M.  Albendi  and  J.  Colmenero 

Departamento  de  Fisica  de  Materiales,  Universidad  del  Pais  Vasco  UPV/EHU 

Facultad  de  Qutmica,  Apdo.  1072,  20080  San  Sebastian,  Spain. 

A  comparative  study  on  the  a-relaxation  of  poly( vinyl  acetate)  PVAc 
(Aldrich-Chemie  18.949-9)  by  means  of  different  dynamic  relaxation  techniques 
and  quasielastic  light  scattering  (photon  correlation  spectroscopy,  PCS)  is 
presented  here. 

The  PCS  measurements  were  performed  with  an  argon  ion  laser  (model 
95  Lexel)  operating  at  a  wavelength  of  X  =  514.5  nm  with  a  power  of  150  mW. 
Intensity  autocorrelation  functions  were  measured  in  the  time  range  10-6-  10°  s 
on  a  Malvern  K7032  correlator.  The  temperature  range  measured  was  from  45  to 
65°C  (Tg  =40  °C).  PCS  results  have  been  analyzed  by  assuming  a  stretched 
exponential  functional  form  for  the  autocorrelation  function  of  the  scattered  field: 

g(t)  =  exp(-(t/x)0]  (1) 

where  P  is  a  shape  parameter  and  x  is  a  characteristic  time  scale. 

Dynamic  mechanical  measurements  were  carried  out  on  a  DMTA 
Polymer  Lab.  apparatus.  The  complex  mechanical  modulus,  E*=E’+iE",  was 
recorded  in  the  frequency  range  l(h2-102  Hz.  at  isothermal  conditions.  The 
temperature  range  covered  was  from  30  to  50°C.  Dielectric  spectroscopy 
measurements  were  performed  scanning  the  frequency  in  the  range  5  -  105  Hz  at 
isothermal  conditions  between  40  and  90  °C.  On  the  other  hand,  NMR 
experiments  were  carried  out  by  means  of  a  Varian  VXR-300  spectrometer. 
Calrbon  spin-lattice  relaxation  times  T,  and  Tlp  were  measured  at  75.4  MHz  and 
35.3  kHz  respectively  in  the  temperature  range  80  -  200  °C. 

The  relaxation  results  in  the  frequency  domain  were  fitted  with  the 
Havriliak-Negami  function: 

d>*(co)  = - 1 -  (2) 

1  [l+(iC*MHNrF 

which  was  finally  interpreted  in  terms  of  the  stretched  exponential  time  decay 
Eq.(l).  The  connection  between  both  descriptions  was  previously  reported  (F. 
Alvarez  et  al.,  Phys.  Rev.  B  44).  In  this  way  we  are  able  to  parametrize  all  the 
results  in  terms  of  the  P  and  x  parameters.  This  procedure  allows  us  to  investigate 
a  wide  dynamical  range  through  different  spectroscopies. 

*  This  work  has  been  supported  by  the  CICyT  (project:  MEC  MAT89-08I6)  and  by  Gipuzkoako 
Foru  Aldundia.  One  of  uj  (FA  ))  acknowledges  the  grant  of  the  Basque  Department  of  Education 
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INFLUENCE  OF  THE  STRETCHING  ON  THE  MOLECULAR 

DYNAMICS  OF  GLASSY  POLY(VINYL  CHLORIDE) 

A.  Eli'cegui,  J.  1.  del  Val,  J.  Colmencro,  V.  Bellenger1,  J.  Verdu1,  G.  Martinez^  and  J.  L.  Mill&n^ 
Dpto.  Ffsica  de  Materiales,  Univ.  Pais  Vasco,  Apdo.  1072,  20080  San  Sebastian,  Spain 

1  ENSAM,  151  Bvd.  de  lUopital.  F  75640  Paris,  FRANCE 

2  Inst.  Ciencia  y  Tecnologia  de  Polimeros,  C.S.I.C..  Juan  dc  la  Cierva,  28006  Madrid,  SPAIN 

In  the  last  years,  the  conformational  microslructurc  of  PolyfVinyl  Chloride)  (PVC)  has  been 
shown  to  play  an  important  role  in  the  majority  of  its  physical  and  chemical  properties;  moreover, 
the  microslructurc  of  PVC  has  been  correlated  to  the  molecular  dynamics  in  the  Glass  Transition 
region.  On  the  other  hand,  local  conformational  changes  produced  by  the  orientation  of  PVC  chains 
(mainly,  isotactic  GTTG  triads  arc  transformed  in  isotaclic  GTTT  triads)  have  been  recently 
determined  by  means  of  FTIR  spectroscopy.  In  this  way,  we  have  begun  to  study  the  influence  of 
the  stretching  on  the  molecular  dynamics  of  PVC,  with  the  purpose  of  correlating  conformational 
changes  with  molecular  motions. 

In  this  work,  wc  present  the  results  obtained  by  dynamic  dielectric  spectroscopy  in  non 
stretched  and  stretched  isotaclic  PVC.  These  data  are  completed  with  DSC  and  WAXS  results.  Prior 
to  all  measurements,  stretched  samples  were  heated  to  temperatures  above  the  Glass  Transition  one 
(Tg)  in  order  to  eliminate  the  deformation  produced  during  the  orientation  process;  in  this  way  the 
results  must  only  be  related  to  the  above  mentioned  conformational  changes  which  are  conserved 
even  at  temperatures  T>Tg.  Real  and  imaginary  parts  of  the  dielectric  constant  have  been  measured 
between  100K  and  400K  in  a  frequency  range  between  1  Hz.  and  l(pHz.  a  (cooperative  mobility  at 
T>Tg)  and  p  (local  mobility)  relaxation  processes  are  measured  in  this  temperature  range. 

a  relaxation  data,  corrected  from  AC  conductivity  and  from  the  influence  of  the  p  process 
which  is  very  broad  and  overlapped  to  the  a  one,  have  been  fitted  to  the  Havriliak-Negami 
empirical  distribution  function  and  the  relaxation  time  shows  a  Vogel-Fulchcr  temperature 
behaviour.  No  systematic  differences  between  the  samples  in  the  parameters  characterizing  a 
relaxation  confirm  our  previous  ideas  suggesting  that  the  dynamics  of  PVC  at  T>Tg  is  mainly 
driven  by  the  lacticily  distribution  which  is  not  altered  by  the  orientation.  In  contrast,  p  relaxation 
results  show  strong  differences  between  the  samples;  the  temperature  of  loss  peaks  is  lowered,  the 
activation  energy  characteristic  of  the  process  is  reduced  by  half  and  the  intensity  of  the  relaxation  is 
increased.  Our  previous  ideas  suggesting  that  the  local  isotactic  GTTG  triad  conformations  have  a 
great  influence  on  the  local  molecular  mobility  at  T<Tg  seem  to  be  now  confirmed. 

Three  of  at  (AT.  JJdV  and  JC)  thank  Gtpuzkoako  Foru  Aldundia  for  partial  fmanliat  support 
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STUDY  OF  THE  EFFECT  OF  TEMPERATURE  ON  THE  AMORPHOUS  PET 
RELAXATIONS  BY  TSC. 

*  **  *  * 
J.Belana  ;  P.  Coloraer  ;  M.  Mudarra  ;  J.C.  Canadas 
*  Dpt.  Fisica  i  Enginyeria  Nuclear  (  UPC  ) 

**  Lab.  TermodinAmica  i  Fisico-Qulmica  (  UPC  ) 
ETSEIT.C/.  Colom,  11  ;  08222  Terrassa  (Barcelona)  Spain 


It  has  been  studied  the  effect  of  temperature  on 
PET-A  using  thermal  annealing  and  the  technique  of 
progressive  crystallization  called  Thermal  Stimulation 
by  Steps  (TSS) .The  analysis  of  the  spectrums  of  samples 
corona  charged  and  afterwards  discharged  in  open 
circuit  show  three  peaks:  a,  p*  y  p. 

The  peak  p  increases  as  the  field  does  and  has 
homopolar  character  which  indicates  that  it  is  a  peak 
due  to  free  charge;  and  the  discharges  of  electrets 
polarized  only  during  the  isothermal  step  show  that  it 
disappears  at  a  temperature  of  polarization  (Tp)  of 
100°C  which  results  in  a  temperature  of  the  maximum 
(T»)  of  105°C.  The  second  peak,  p*,  appears  at  87°C  and 
it  has  a  strong  heteropolar  character;  its  origin  is 
not  well  established  although  the  mechanism  has  uniform 
character.  The  a  relaxation  increases  as  Tp  does  so 
that  for  high  TP  it  overlaps  p*  and  they  seem  to  form  a 
single  peak.  In  a  short  circuit  discharge  p*  overlaps  p 
relaxation. 

The  annealing  of  the  samples  at  T«<Tg  results  in  a 
decreasing  of  the  intensity  of  p*,  so  that  if  the  time 
of  annealing  (t«)  is  long  it  becomes  homopolar,  being 
greater  the  charge  accumulation  when  the  sample  is 
negatively  biased.  As  t«  increases,  the  T»  of  p 
relaxation  shifts  to  105°C.  For  temperatures  Ta>Tg 
(T«=87°C)  ,  the  annealing  results  in  a  bounded 
decreasing  of  a  and  a  sigmoidal  increasing  of  p*  which 
indicates  that  the  latest  is  related  to  the  process 
that  causes  the  nucleation;  on  the  other  hand  p  become 
wider  and  its  T«  shifts  to  higher  values. 

The  current  that  causes  the  inversion  of  p*  is 
connected  to  a  mechanism  that  seems  to  be  associated  to 
the  amorphous  portion  of  the  polymer,  because  its 
effects  are  less  important  as  the  degree  of 
crystallinity  increases  (TSS) ,  and  it  has  been 
justified  by  the  fact  that  the  temperature  creates 
trapping  centers  in  the  bulk  and  surface  of  the 
material,  process  that  shows  controversies  that  we 
reflect  and  discuss  versus  the  effect  of  annealing. 
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THE  GLASS  FORMING  ABILITY  IN  Cu  -  As  -  Se  SYSTEM 


J.  Milek  and  L.Tich? 


Joint  Laboratory  of  Solid  State  Chemistry  of  the  Czech  Academy  of 
Sciences  and  Institute  of  Chemical  Technology,  PARDUBICE 
(Czechoslovakia ) . 


The  glasses  with  chemical  composition  Cux(AsQ  4SeQ  for 

x  =  0.0217,  0.0543,  0.065,  0.076,  0.1304  and  0.239  were  prepared. 
The  kinetics  of  crystallization  was  investigated  using  heat  flux 
DSC  method.  Basic  kinetic  parameters  characterizing  the 
crystallization  process  were  determined. 

The  attention  was  also  paid  to  the  study  of  the  compositional 
dependence  of  the  glass  transition  temperature  (Tg)  as  well  as  to 
the  corressponding  heat  capacity  change.  It  is  shown  that  despite 
a  considerable  increase  of  mean  coordination  number  with  the 
increasing  concentration  of  Cu,  the  Tg  remains  practically 
unchanged.  It  is  shown  that  Tanaka's  approach  [l]  seems  not  to  be 
acceptable  for  these  glasses.  Nevertheless,  it  was  found  that 
using  modified  DeNeufwille-Rockstad  approach  [2]  the  value  of  Tg 
can  be  well  correlated  with  the  coordination  number  and  average 
atomization  enthalpy  of  these  glasses. 

Following  recent  results  of  paper  [3]  the  glass  forming 
ability  of  Cu-As-Se  glasses  was  calculated  and  compared  with 
compositional  trends  of  Hruby's  [4]  and  Saad  and  Poulain  [5] 
criterion.  A  new  empirical  criterion  to  describe  the  glass  forming 
ability  is  also  proposed. 


[1]  K.  Tanaka,  Solid  State  Commun  54  (1985)  867. 

[2]  J .  P . DeNeuf wille  and  H. K. Rockstad, "Amorphous  and  Liquid 

Semiconductors  73,  eds.  J.Stuke  and  W. Brenig",  Taylor  and 
Francis,  London  (1974)  p.419. 

[3]  J.MAlek,  J.  Non-Cryst.  Solids  107  (1989)  323. 

[4]  A.Hrubf,  Czech.  J.  Phys.  B22  (1972)  1187. 

[5]  M.  Saad,  and  H. Poulain,  Mat.  Sci.  Forum  19-20  (1987)  11. 
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ON  CURRENT  CONTROLLED  DIFFERENTIAL  RESISTANCE 
IN  CHALCOGENIDE  GLASSY  SEMICONDUCTORS. 

M.  Dominguez,  E.  Mdrquez,  P.  Villares  and  R.  Jimdnez-Garay 
Dpto.  de  Estructura  y  Propiedades  de  los  Materiales. 

Facuitad  de  Ciencias.  Universidad  de  Cddiz. 

11510  Puerto  Real  (Cddiz),  Spain. 


Current  Controlled  Negative  Differential  Resistance  (CCNDR) 
effect,  typical  of  NTC  thermistor  behaviour,  has  been  studied  in  bulk 
glassy  chalcogenide  semiconductor  Cu0.05  As0.50Te0.45,  obtained  by 
the  melt-quench  method.  This  phenomenon  has  been  explained  in 
terms  of  a  thermal  model,  where  non-ohmic  effects  are  excluded.  The 
key  lies  in  the  balance  of  Joule  self-heating,  with  the  heat  loss  due  to 
temperature  difference  with  the  ambient.  As  current  increases  step  by 
step,  the  voltage  measured  at  thermal  equilibrium  is  lower  than  the 
ohmic  value  corresponding  to  constant  resistance  (dinamic  resistance 
decreases  when  the  temperature  of  the  material  increases),  until  a 
maximum  voltage  value  (turnover  voltage)  is  reached.  From  this 
point,  steady  state  I-V  characteristics  of  the  semiconductor  show  a 
negative  differential  resistance  region. 

Electrodic  arrangement  used  to  obtain  these  measurements,  was 
made  up  of  two  copper  discs,  stuck  on  the  polished  semiconductor 
surface  by  applying  silver  paste.  The  interelectrodic  distance  was 
measured  from  the  microphotographs  of  the  sample  surface.  Depen¬ 
dence  of  turnover  voltage  on  ambient  temperature  was  already  studied 
from  the  point  of  view  of  a  thermal  model,  showing  good  agreement. 
In  this  work,  the  relationship  between  turnover  voltage  and  intereiec- 
trodic  distance  has  been  studied,  confirming  the  thermal  nature  of  this 
phisical  process,  and  the  absence  of  non-ohmic  effects  in  the  mecha¬ 
nism  of  electrical  conduction. 


ELECTRIC  CONDUCTIVITY  IN  THE  IONIC  SOLID  As«Se4lAg„ 

M.Oliva,  J.L.  Rojas,  P.VUIares,  RJ»m6uez-Garayt  E.  Marquez 
FaculUd  de  Ciencias.  Uoiversidad  de  Cidiz.  Puerto  Real 

The  calcogenide  glasses  of  the  As-Se-Ag  system  with  a  silver  content  show 
polarization  phenomena  which  result  in  an  ionic  conductivity  component  The  mesurements 
were  carried  out  with  ax.  on  a  grphite/glass/graphite  cell  at  different  temperatures  by  the 
complex  impedance  method!  I]  an  in  the  range  of  60Hz  to  70KHz  a  look-in  amplifier 
(5140,EG.G). 

The  graphic  representation  of  the  real  part,  Z'f  versus  the  imaginary  part,  -Z”,  at 
different  temperatures  (Fig.  I)  shows  in  each  of  them  the  characteristic  circular  arc  of  ionic 
solids.  In  the  graphf  one  can  observe  an  art  belonging  to  the  high  frecuency  corresponding 
to  the  bulk  and  smaller  one  at  low  frecuency  due  to  grain  boundary  effects.  The  extrapolation 
in  the  low  frecuency  zone  up  to  the  intersection  with  the  real  axis,  of  the  arc  corresponding 
to  the  bulk,  makes  it  possible  to  know  the  conductivity. 


S3  J.65 


In  the  range  of  the  temperatures  studied  (30*0-100*0,  the  conductivity  values,  the 
activating  energy  and  the  preexponenciai  factor  -the  last  two  obtained  by  least-square  fitting- 
arc  presented  in  the  following  table: 


B 

303  313  323  333  343  353 

K 

.T 

2.93  3.99  5.25  730  10.15  13-21 

Q  'em  ‘K 
xIO J 

AK.  =  030  eV  a.  =  135xI0J  O 'em 'K 

The  equivalent  circuit  may  be  represented  by  RC  parallel  elements  connected  in 
series (3 J,  and  the  centers  of  the  arcs  being  below  the  real  axis,  suggests  .he  exixtence  of 
diffusion  processes.  Hence  the  Warburg  impedance  will  be  present  in  to  the  circuit [3 J 

REFERENCES 

(II  J.K.  Bauerie,  J.Phys.Uiem,  VoUO,  pp  2657-2670  (I%9) 

(21  J.R.  MacDonald,  J.Chem.Phys.  61  (1977)  3977. 
f 3|  A.K.  Jonscher.  Nature  267  (1977)  573. 
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CHARACTERIZATION  OF  Se-BASED  CHALCOGENIDE  ALLOYS  BY 
MEASUREMENT  OF  Tg  VARIATIONS 

A.  HAMOU\  J.M.  SAITER,  J.  BAYARD,  J.GRENET 


Laboratoire  d’Etude  et  de  Caractdrisation 
des  Composes  Amorphes  et  des  Polym£res. 

U.F.R.  Sciences,  B.P.  118, 

76134  Mont-Saint-Aignan  Cedex,  France. 


Many  works  try  to  link  the  values  of  the  glass  transition  temperature  Tg  of 
disordered  materials  to  physical  parameters  such  as  melting  temperature  [1],  band  gap 
[2]  or  average  coordination  number  [3],  Although,  for  a  given  material,  the  value  of  Tg 
depends  on  preparation  method,  thermal  history,...  and  could  not  be  considered  as  a 
constant  which  characterizes  the  material. 

In  this  paper  we  show  that,  for  different  vitreous  selenium-based  alloys, 
such  as  Se-Te,  Se-Ge  and  Se-As,  the  variations  of  Tg  with  heating  rate,  measured  by  dif¬ 
ferential  scanning  calorimetry,  follow  an  Arrhenius  law.  For  a  given  alloy,  the  experi¬ 
mental  results  show  that  the  activation  energy  does  not  depend  on  thermal  history  and  is 
weakly  dependent  on  preparation  method.  Finally,  we  show  that  this  activation  energy  is 
characteristic  of  the  nature  of  the  atoms  added  to  selenium  as  well  as  of  the  alloy  com¬ 
position. 


1|  S.  Sakka,  J.D.  Mackenzie,  J.Non-Cryst.  Solids  6  (1971)  145. 

[2]  J.P.  De  Neufville,  H.K.  Rockstad,  Proc.  5th  Int.  Conf.  Amorphous  and  Liquid  Semi- 
cond.,  Ed.  by  J.  Stuke  and  W.  Brenig  (Taylor  and  Francis,  London,  1974)  p.4 1 9. 

[3]  K.  Tanaka,  Solid  State  Conimun.  54  (1985)  867. 


*  Permanent  adress  :  Universitc  cs-Scnia,  Oran,  Algerie 
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EVIDENCE  OF  TWO  AMORPHOUS  PHASES  IN  GE-TE-SB  ALLOYS 

M.  BELHADJI*,  C.  VAUTIER,  P.  LEBAUDY  and  J.M.  SAITER 


Laboratoire  d’Etude  et  de  CaractSrisation 
des  Composes  Amorphes  et  des  Poly res 
U.F.R.  Sciences,  BP  118, 

76134  Mt  St  Aignan  Cedex,  France 


Ge-Te-Sb  alloys,  near  the  binary  eutectic  Ge^Teg^  may  be 
obtained  in  bulk  amorphous  form  by  quenching  from  the  melt  [1].  This  paper  reports  the 
results  obtained  on  Ge^g  5-x^  e84  amorph°us  alloys  (0.5  <  x  <  2.5)  by  differential 
scanning  calorimetry.  In  this  composition  range  we  observe  two  glass  transition  tempera¬ 
tures  Tgj  and  Tg2  as  well  as  two  crystallization  temperatures  Tqj  and  Tq,  such  a  Tgj  < 
Tg2  <  T^j  <  Tq2  (table  below),  which  is  not  the  case  for  other  Te-based  amorphous 
alloys. 


X 

0.5 

1.0 

1.5 

2.5 

Tr1  (°C) 

120 

116 

114 

108 

ts2(°c) 

144 

148 

150 

132 

TC1  (°C) 

174 

166 

168 

160 

TC2(°C) 

212 

206 

200 

189 

X-ray  analysis  of  the  alloys  annealed  above  the  first  crystallization  tempera¬ 
ture  show  that  the  tellurium,  in  the  hexagonal  form,  precipitates  and  that  above  Tq2,  GeTe 
peaks  appear  in  the  diffraction  diagrams.  Further  analysis  by  EXAFS  could  be  able  to  spe¬ 
cify  both  amorphous  phases. 

[1]  P.  LEBAUDY  et  a/..  Materials  Sci.  &  Eng.  A  312  (1991)  273 


rermanent  adress  :  Universite  Es-Senia  Oran  Algerie 
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EFFECT  OF  ANNEALING  ON  AN  AMORPHOUS  Cu^Ge^Te,,^  ALLOY. 


M.  Casas-Ruiz,  FLA.  Ligero,  J.  Vdzquez  and  R.  Jtminez- Garay. 

Facultad  de  Ciencias.  Aptdo.  40.  Puerto  Real.  Cddiz.  Spain. 

An  isothermal  pre-anneal  treatment  (T=  453  K)  was  introduced  to  a 
quenched  Cu0  03Ge0_20Te0  77  glassy  alloy. 

By  non-isothermal  cristallizing  the  as- 
quenched  and  pre-annealed  samples  in  a 
differential  scanning  calorimeter  at  five 
different  heating  rates  (2,  4,  8,  16  and  32 
K/min),  the  set  of  kinetic  parameter  which 
best  describes  the  process  (Avrami  exponent, 
n,  activation  energy,  E,  and  frecuency  factor, 

Kfl)  were  obtained  by  using  the  Augis-Bennet 
technique  [1], 

It  was  found  that  the  crystallization  temperature  and  the  Avrami 
exponent  decreases  systematically  as  the  pre-anneal  time  increases,  and  the 
Avrami  exponent  tends  to  a  certain  value  about  2  as  shown  in  the  figure. 

In  the  pre-anneal  treatment  of  the  as-quenched  material  the  density  of 
pre-existing  nuclei  increases  with  the  pre-anneal  time,  so  that  in  the 
crystallization  process,  the  nucleation  rate  would  be  slowed  decreasing  the  values 
of  Avrami  exponent. 

[lj  JA.  Augis  <£  J.E.  Bennet,  J.  Thermal  AnaL,  13  (1978)  283. 
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OPTICAL  PROPERTIES  OF  Ge  Sb  THIN  FILMS 

L.  Diaz  and  J.M.  del  Pozo 

Institute  de  Optica  (C.S.I.C.) 

Madrid.  Spain 

Electrical,  Thermodinamic,and  structural  properties  of  the  simple  eutec¬ 
tic  <7e(i_,)56r  system  have  been  studied  (1-4).  However  no  optical  proper¬ 
ties  have  been  studied  in  such  a  system.  In  this  work  we  show  the  optical 
properties  of  thin  films  of  amorphous  Ge(i_I)56J  (x  =  68, 73, 84at.%).  The 
films  were  grown  in  a  dc-magnetron  sputtering  system.  Transmittance  and 
Reflectance  at  normal  incidence  were  measured  in  a  Cary  17D  spectropho¬ 
tometer.  The  optical  constants  (n,k)  and  film  thickness  were  found  using  the 
method  described  in  ref.(5)  in  the  spectral  range  400-2500  nm. 

The  absorption  or  depends  on  the  stechiorpetry  of  the  film,  and  the  higher 
the  Sb  content  of  the  film  is,  the  higher  the  absorption  is  (Fig.l).  In  the  region 
near  the  edge  of  absorption,  a  can  be  described  by  the  relation 

hi/a  oc  ( hi/  —  Eg}* 

The  optical  band-gap,  E„  also  depends  on  the  stechiometry,  and  the  values 
obtained  were: 

Sb(%at.)  68  73  84 

Eg(cV)  0.5  0.4  0.37 

In  the  68at.%Sb  film  the  band  tail,  characteristic  of  amorphous  semicon¬ 
ductors,  was  found.  In  the  other  compositions  no  band  tail  appear  in  the 
studied  spectral  region. 

[1]  N.  Croitoru,  Thin  Solid  Films  44,  L19 

(1977). 

[2]  S.  B.  Field  and  T.  F.  Rosenbaum,  Phys. 

Rev.  Lett.  55,  522  (1985). 

[3]  P.  Y.  Chevalier,  Thermochim.  Acta  155, 

227  (1989). 

[4]  B.  C.  Giessen  and  C.  Borromee-Gautier, 

J.  Sol.  State  Chem.  4,  447  (1972) 

[5]  J.  M.  del  Pozo  and  L.  Diaz,  (To  be  pub¬ 

lished). 


81 


P3-8 


AN  IMPROVED  METHOD  FOR  THE  CALCULUS  OF  ACTIVATION  ENERGY 
SPECTRA  (AES)  IN  THE  ANALYSIS  OF  RELAXATION  EXPERIMENTS. 

F.  L.  Cumbrera,  F.  Guiberteau  and  ’A.  Munoz 

Dept,  de  Fisica.  Fac.  de  Ciencias,  Universidad  de  Extremadura-Badajoz  (Spain) 
'Dept,  de  Fisica  de  la  Materia  Condensada,  Fac.  de  Fisica 
Universidad  de  Sevilla  -  Sevilla  (Spain) 


Analysis  of  relaxation  experiments  has  often  employed  the  theoretical  AES 
model  introduced  by  Primak  and  Gibbs.  In  this  method,  the  change  during 
relaxation  at  temperature  T  of  a  measured  property,  AP,  is  expressed  by  means  of 
a  Volterra  integral  equation  of  the  first  kind 


AP(<)  =J p0(E)Q(E,T,t)dE 
o 


with  kernel  the  characteristic  0-function,  and  where  p0(E)  is  the  total  property 
change  in  the  energy  range  E  to  E+dE.  By  performing  a  step-like  approximation 
for  0(E,T,t)  we  find  the  simple  Primak’s  energy  derivative  method.  This  procedure 
of  obtaining  the  p„(E)  spectrum  works  well  if  the  experiment  involves  a  very  broad 
and  smooth  AES.  Unfortunately,  it  is  no  longer  possible  in  practice  to  support  this 
assumption  and  there  is  a  need  to  develop  a  better  and  more  general  procedure. 

In  the  present  work,  a  deeper  insight  into  this  problem  is  afforded  by 
considering  the  true  0(E,T,t)  functional  form  and  by  replacing  the  integral  equation 
by  a  set  of  linear  equations.  Insofar  we  are  faced  with  a  so-called  "ill-conditioned" 
system,  resort  to  the  variational  Cook’s  "least  structure  analysis"  allow  us  to  get 
stable  and  smooth  solutions.  The  method  is  of  such  a  kind  that  it  approaches,  as 
closely  as  desired,  the  true  solution. 

In  order  to  asses  the  performance,  we  compare  the  Primak’s  approximate 
method  versus  the  improved  one  for  two  cases: 

-  mechanical  stress  relaxation  experiments  on  CoO  single  crystals  in  the 
range  77K-289K. 

-  enthalpic  relaxation  in  amorphous  Se  around  Tc. 

The  success  of  this  procedure  proved  quite  spectacular. 


82 


P3-  9 


NEUTRON  SCATTERING  FROM  AMORPHOUS 
HYDROGENATED  CARBON 


W  S  Howells, 

ISIS  Science  Division ,  Rutherford  Appleton  Laboratory, 
Chilton,  Didcot,  0X11  OQX,  UK. 

R  J  Newport  &  P  J  R  Honeybone, 

Physics  Laboratory,  University  of  Kent, 
Canterbury,  CT2  7NR,  UK. 

P  Revell, 

Ion  Tech  Ltd,  Teddington,  TW11  OLT,  UK. 


An  extensive  study  of  amorphous  hydrogenated  carbon,  a-C:H  (often 
refered  to  as  diamond-like  carbon  by  virtue  of  its  unique  mechanical  and 
optical  attributes)  has  been  conducted  using  the  facilities  at  the  ISIS  pulsed 
neutron  source.  Diffraction  data  is  now  available  out  to  Q-values  of  50  A'1. 
This  wide  range  ensures  a  real-space  resolution  sufficient  to  resolve  directly 
the  contributions  from  the  principal  C-C  bond  types  and  to  provide  evidence 
for  the  existence  of  molecular  hydrogen. 

In  addition,  inelastic  incoherent  neutron  scattering  has  been  used  in  an 
attempt  to  study  in  more  detail  the  nature  of  the  hydrogen  environment.  In 
particular,  a  simple  force-field  model  has  been  used  to  model  the 
vibrational  density  of  states  and  thereby  to  identify  the  principal  structural 
units  associated  with  bonded  hydrogen.  These  experiments  have  also 
provided  further  evidence  for  the  presence  of  molecular  hydrogen. 
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A.C.  CONDUCTIVITY  OF  AN  AMORPHOUS  NIOBIUM  PHOSPHATE 
C.  Criado*.  J.R.  Ramos- Barrado',  F.M.  Cantero-Sanchez^,  M. Martinez- Lara^, 
L  Moreno-Real^  and  S.  Bruque^. 

*  Departamento  de  Fisica  Aplicada  I,  ^Departamento  de  Quimica  Inorganica, 
Cristaiografia  y  Mineralogia,  Universidad  de  Milaga,  E-29071  Milaga,  Spain. 

An  amorphous  potassium  niobium  phosphate  Kg  5Nb0P042.2H20  with  a  BET 
surface  area  of  234  m2/g  and  a  pore  size  of  42A  0  has  been  synthesized.  For  the 
synthesis  of  this  amorphous  solid,  the  method  described  by  Hahn  (J.  Am.  Chem. 
Soc.  73,  5091-5093,  1951)  with  a  modification  from  us  was  used. 
(Cantero-Sanchez  F.  et  al,  Inog.  Chem.  submitted  1991).  Its  spectroscopy 
properties  indicates  a  low  concentration  of  isolate  OH"  group  (P-OH  and 
Nb-OH),  being  more  important  the  systems  hydrogen-bonds  and/or  by  water 
molecules. 

A.C.  conductivity  measurements  between  313  K  and  473  K  were  performed 
using  a  Solartron  1255  Frequency  Response  Analyzer  controlled  by 
computer.The  experimental  results  were  fitted  to  the  universal  response  (  o(w)  - 
cr0+  Awn  )  where  a0  is  the  d.c.  conductivity,  A  is  a  temperature  dependent 
parameter  and  n  is  found  to  take  valuesbetween  0  and  1 .  The  universal  response 
provides  a  simple  method  to  obtain  the  hopping  rate  of  ion  (  top).  For 
temperatures  below  373K  the  compound  shows  a  low  activation  energy  and  the 
ion  mobile  concentration  is  thermally  activated.  For  temperatures  higher  than 
373K  the  amorphous  shows  a  higher  activation  energy  and  the  ion  mobile 
concentration  is  independent  of  the  temperature. 

T(K)  313  333  363  383  393  423  433  443  453  473 

CTfScm-^.IO"8  74  105  124  2.9  4.8  9.8  12.7  16.3  20.8  33.6 

top(sec-l)  2384  2539  2716  60  107  234  433  409  545  955 
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DIELECTRIC  RELAXATION  IN  GLASSES  WITH  COMPOSITION 
xEu203.Pb0.2B203 

L.  Cadillon  Costa 

Dpto.  Fisica,  Universidad  de  Aveiro,  3800  Aveiro  (Portugal) 


The  physical  mechanisms  that  contribute  to  polarisation  in  a  material  may 
be  studied  from  the  analysis  of  depolarisation  current.  Our  previous  results  on  the 
glasses  had  suggested  that  the  information  about  the  relaxation  parameters  can  be 
used  to  distinguish  different  types  of  relaxing  ions  in  an  amorphous  structure.  In 
this  line  of  action  we  have  measured  the  depolarisation  current  in  lead  borate 
glasses  with  different  concentrations  of  Eu203 ,  over  a  wide  range  of  temperature. 
Each  specimen  was  subjected  to  an  electric  field  of  100  KVm 1  and  then  the  current 
was  measured  every  second.  The  experimental  results  were  fitted  to  the  stretched 
exponential  funtion  $  =  0oexp[-(t/r)8] 

with  the  subsequent  determination  of  the  relaxation  parameters  $>,  r  and  B.  We 
observe  a  weak  dependence  of  parameters  with  concentration,  but  a  relatively 
strong  dependence  on  the  temperature. 
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optical  properties  and  energy  transfer 

AMONG  4f  IONS  IN  FLUORZINCATE  GLASSES 

V.  D-  Rodriguez  and  I.  R.  Martin 
Dpto.  de  Fisica  Fund,  y  Exper . ,  Uni v.  de  La  Laguna. 
38204  La  Laguna.  Tenerife.  Spain 

R.  Alcala  and  R.  Cases 
ICMA.  Uni  v.  de  2aragoza-C.  S.  I.  C. 

Plaza  San  Francisco  s/n.  50009  Zaragoza.  Spain 


Optical  absorption  and  emission  spectra  have  been 

studied  for  Sm3+  and  Tb3  ions  in  ZnF  -CdF  based  al asses 

2  2 

with  concentrations  in  the  range  0.1 -2. 5  mol%. 

The  measured  oscillator  strengths  and  radiative  rates 
for  several  transitions  are  compared  with  values 
calculated  using  the  Judd-Ofelt  theory,  the  agreement  is 
f airly  good. 

The  radiative  lifetime  of  the  fluorescent  *G  level 

S'Z 

of  Sm3*  has  a  value  of  5.25  ms.  In  glasses  with  Tb' * 

emission  is  observed  from  the  5D  and  levels;  the 

a  4 

first  presents  t her mal i zat i on  effect  and  the  obtained 
effective  lifetimes  are  3  and  4.9  ms  respectively. 

The  interaction  between  adjacent  ions  has  seen 
investigated.  The  decay  curves  become  nonexponent i al  when 
the  Sm  or  Tb3  concentration  is  larger  than  O.  1  moT..  It 
can  be  explained  bv  rro ss  relaxation. 

The  mechanism  of  interaction  among  ^>m  or  lb 
has  di  pol  e  di  poj  e  char  act.  er  and  the  par  ameter  of  tr  ansi  er 
C  i  or  toss  relaxation  is  two  orders  of  maanitude  larger 

IJ  A 

t  han  ♦  h*  ■  i>ai  a  meter  1  -  for  ener  iv  mi  drat  ion. 

r*L> 
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STRUCTURAL  MODIFICATIONS  IN  XEROGELS  PREPARED  USING 
SONOCATALYSIS  AND  AN  ADDITIVE 

£.  Blanco',  N  .  cte  la  Rosa  Fox’,  L  Esquivias'  and  A.F.  Crawvich* 

'Department  of  Structure  and  Properties  of  the  Materials.  University  of  C&dz.  Apdo.  40  Puerto  Real(11510), 
Ca<*z  (SPAIN) 

*Laboratorio  Nacional  de  Luz  Sincrotron/CNPq.  Campinas  SP  and 
Institute  de  Fisica/USP.  Sao  Paulo  (BRAZIL) 

The  fabrication  of  monolithic  glasses  by  sol-gel  method  is  widely 
studied  because  of  their  optical  properties.  The  obtention  of  gels  is 
possible  by  the  hydrolisis  of  a  metalic  alkoxide  and  polycondensation  of 
silicic  acid.  The  ultrasound  energy  applied  to  the  hydrolisis  reaction  allows 
the  obtention  of  gels  without  the  use  of  any  solvent.  The  structure  of 
resulting  xerogels  is  modified  by  the  ultrasound  and  its  dose.  The  addition 
of  a  chemical  additive  during  the  hydrolisis  reaction  has  an  important  role 
during  the  drying  because  of  its  control  in  the  solvents  leaving  the  wet  gel. 
But  the  additive  also  seems  to  have  an  important  effect  in  the  xerogel 
structure.  Therefore,  the  study  of  how  these  modifiers,  additive  and 
ultrasound,  change  xerogel  structure  and  its  evolution  with  the  heat 
treatment  is  important  when  the  obtention  of  monolithic  glasses  is  required. 
Experimental  results  from  Small  Angle  X-ray  Scattering  (SAXS)  and 
Nitrogen  Adsorption-Desorption  isotherms  permit  to  propose  a  model  to 
explain  structure  evolution  during  the  densification  into  glass. 
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ON  THE  SINTERING  OF  MIXED  AEROGELS 


M.  Sanchez-Villalpando,  M.  Ramfrez-del-Solar  and  L  Esquivias 

Department  of  Structure  and  Properties  of  the  Materials. 

University  of  Cidd.  Apdo.  40  -  Puerto  Real(11510),  C&diz  (SPAIN). 

A.F.  Craievich 

Laboratorio  Nacional  de  Luz  Sincrotron/CNPq,  Campinas  SP 
and  Institute  de  Fisica/USP,  Sao  Paulo  (BRAZIL). 


Mixed  Ti02-Si02  sonogels  and  classic  gels  were  dried  on 
hypercritical  conditions  and  submitted  to  a  halogen  treatment  for 
dehydroxilation.  The  resulting  porous  aerogels  were  parcially  densified  at 
several  temperatures.  In  this  work  we  use  Small  Angle  X-Ray  Scattering 
(SAXS)  technique  to  study  the  evolution  of  the  ultrastructure  on  sintering 
both  kind  of  aerogels.  The  analysis  of  the  scattering  intensity  profile 
indicates  that  the  texture  of  these  gels  leads  to  deviations  of  the  limiting 
slopes  from  the  Porod’s  law  which  differs  depending  on  the  nature  of  the 
initial  gel. 


88 


P3-15 


TEXTURAL  FEATURES  OF  SILICA-T1TANIA  AEROGELS 
PREPARED  BY  THE  SONOCATALYT1C  METHOD 


M.  Ramirez-del-Solar  and  L.  Esquivias 

Department  ot  Structure  and  Properties  of  the  Materials 
University  ot  Cadiz  Apdo.  40  -  Puerto  Reat(1 1510).  Cadiz  (SPAIN). 

A.F.  Craievich 

Laboratono  Nacionat  de  Luz  Stncrotron/CNPq.  Campinas  SP 
and  Instituto  de  Fisica/USP,  Sao  Paulo  (BFtAZIL) 


A  series  of  Ti02-SiOa  gels  with  diferents  [Ti]/[Si]  ratio  was 
elaborated  by  the  sonogels  method  using  acetic  acid  as  chelating  agent  ior 
the  titanium  precursor.  Hypercritical  drying  of  these  gels  was  accomplised 
leading  to  highly  porous  aerogels  which  were  compared  with  the  classic 
counterpart  of  the  same  composition. 

In  this  paper,  microstructural  features  of  both  kinds  of  aerogels  are 
investigated  on  several  levels  in  the  light  of  the  results  obtained  from  the 
analysis  of  the  N2-adsorption/desorption  and  Small  Angle  X-Ray  Scattering 
(SAXS)  data  and  transmission  electron  microscopy  (TEM). 
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